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I. EXECUTIVE SUMMARY

This report has been prepared for Commonwealth Oil Refining Company (CORCO) by DSM
Environmental Services, Inc. (DSM) for the Phase I: Subsurface Oil Investigation at the
CORCQ Petrochemical Complex, Penuelas, Puerto Rico (the Site). The Environmental
Protection Agency Solid Waste Registration Number for the CORCO Penuelas, Puerto Rico
Facility is EPA SW ID# PRD-091017228.

The Phase I: Subsurface Oil Investigation involved driiling thirty-two (32) soil borings fifteen
feet into the uppermost aquifer at the site, the installation of thirty-two (32) piezometers and
fluid level measurements at the CORCO Facility. Soil samples were collected and submitted
to Analytical Laboratory for geotechnical characterization. Light-Non-Aqueous Phase
Liquids (LNAPL) oil samples were collected and submitted to a Petroleum Laboratory for
product characterization.

This report presents findings from the Soil Boring Program, Fluid Level Measurement
Program, descriptions of approaches and procedures utilized in the performance of the
subject soil sampling, and groundwater and product characterization at the CORCO Facility.

DSM completed piezometer well installation, oil sampling and groundwater level
measurements to determine the possible extent of hydrocarbon impact on the uppermost water
bearing zone beneath the site.

The boring locations of the Phase I: Subsurface Oil Investigation were based on the site
specific lithology as determined by previous subsurface investigations conducted at the
CORCO Facility. Previous investigations in these areas were conducted by Versar, Inc.
(1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994). The two
formations investigated are as follows:

Alluvial Deposits
Ponce Limestone

The Phase I: Subsurface Oil Investigation stems from the 1990 Settlement Agreement
between the U.S. EPA and Commonwealth Qil Refining Company. The purpose for the
Jocation and placement of soil boring/piezometer wells was to develop a Facility wide
information base to determine the presence of free-phase product.
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This report was prepared by DSM Environmental Services, Inc. for the Commonwealth Oil
Refining Company Refinery/Terminal Facility (EPA SW ID# PRD-091017228), located at
the Petrochemical Complex, Penuelas, Puerto Rico (United States of America
Commonwealth).

The subsurface investigative work conducted at the site is in compliance with the 1990
Agreement between CORCO and the Environmental Protection Agency (U.S. EPA) Region
II. A request from the U.S. EPA, Region II on January 28, 1994 initiated the Phase I:
Subsurface Oil Investigation Work Plan (Weston 1990).

In order to characterize conditions at the site, several stages of field activity, laboratory
analysis and data evaluation were initiated during the Phase 1: Subsurface Oil Investigation.
This report presents the data collected in the performance of: soil boring/soil sampling,
piezometer well installation, oil sampling, and liquid level measurement programs.

The overal!l objectives of the on-going Phase I: Subsurface Oil Investigation are:

to perform field investigation and laboratory tests to ascertain the physical
surface and subsurface features;

to determine the possible presence of free-phase hydrocarbons within the soils
and uppermost aquifer and, if found, to evaluate the magnitude and extent
thereof;

to identify and evaluate the factors controlling the transport of hydrocarbons;
and

to identify the appropriate general post-assessment response measures for the
site.

Earlier site assessment work discovered the existence of free-phase product on the water
table within the fractured matrix of the Ponce Limestone. A previous investigation within
the northwest portion of the facility, conducted by Roy F. Weston, Inc. (1989), encountered
free-phase product during an Environmental Impact Statement investigation. The study was
conducted at the proposed Modular Incineration Systems, Inc. site (MIS) Area, which is
located due north of Tank 965 and Tank 956.

As part of the Environmental Impact Statement prepared for the proposed MIS Facility, six
(6) bedrock monitoring wells were installed. During the drilling of these wells,
hydrocarbon stained soils and odors were reported. In monitoring welil MW-3, free-phase
product was noted at a depth of one hundred and seventy five feet below land surface (175
ft. bls), at the approximate location of the water table. A strong hydrocarbon with black or
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brown free-phase product floating on the water was noted in the log for monitor well MW-4.
In monitor well MW-5, a hydrocarbon odor was noted but no visible hydrocarbon was
detected. Strong hydrocarbon odor was reported in monitor well MW-6. No hydrocarbon
odor or product was reported in MW-1 or MW-2. The presence of free-phase product was
confirmed and reported to the appropriate regulatory agency. US EPA correspondence of
January 28, 1994 requested recovery of product confirmed at the MIS Area monitoring
wells.

The Phase I: Subsurface Oil Investigation was initiated in May 1994 to determine the
presence and volume of free-phase product at the CORCO Facility. Free-phase product was
indicated at a number of wells during the installation of the thirty-two piezometers.

The Phase I piezometer wells, MIS Area monitoring wells and the RCRA monitoring wells
were measured for static water levels and free-phase product levels on September 27, 1994,
The product volume was calculated for all areas of free-phase product at the CORCO
Facility. The series of calculations resulted in approximate volumes of free-phase product in
five areas of free-phase product at the facility. The estimated volume of free-phase product,
in the five areas, at the CORCO Facility are as follows:

The MIS Area contains 83,551 barrels of free-phase product;

The Tank Farm West Area contains 311,694 barrels of free-phase product;

The Facility South Area contains 26,481 barrels of free-phase product;

The Tank Farm Central Area contains 379,865 barrels of free-phase product; and
The Process Area contains 577,759 barrels of free-phase product.

The total estimated volume of free-phase product, at the CORCO Facility, is 1,379,351
barrels of free-phase product.

pRA Y
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A. DESCRIPTION OF RELEASE AND ABATEMENT MEASURES

The on-going subsurface investigatory activities are generating data that will be used in the
evaluation of remedial alternatives as part of on-going corrective measures at the site. The
Phase I: Subsurface Oil Investigation activities generated data necessary for the location,
design, and feasibility of appropriate oil recovery systems. The on-going investigative
activities will define the field activities required for final design parameters for oil recovery

at the site. —_
n B {q\ \}‘ ﬂ
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The CORCO Refinery/Terminal is located in the south-central coast of Puerto Rico (see
Figure 1, Site Location Map). Further definition of the site location is as follows:

1.0 Site Description

The property consists of a hydrocarbon products storage facility and terminal
which occupies approximately eight hundred acres of land straddling the
boundary between Municipio de Guayanilla to the west and Municipio de
Penuelas to the east. The facility has a topographic relief of approximately
330 feet. Two-thirds of the facility is situated in the Lower Tallaboa Valley,
which has an elevation range of 0 to 26 feet above sea level. One-third of the
facility is situated on the southeastern edge of the upland ridge that separates
the Guayanilla and Tallaboa River Valleys.

The south central coast is the most arid region of the Island. The hills and ridges are
typically steep, with Jow-lying river valleys running southward from the Cordillera Central to
the Caribbean Sea. Development is typically restricted to the coastal alluvial fans, coastal
plains, plateaus, and inland river valleys.

The land adjacent to the terminal is used for industrial, small business, and residential
purposes. Cottage industries are practiced at some of-the residential areas. The industrial
activities immediately adjacent to the CORCO Site are carried on to the east, south, and
west. The site is bounded by Puerio Rico Route 2 to the north, Gulfchem and Caribe
Isoprene Corporation to the east, Puerto Rico Electrical Power Authority (PREPA) and Shell
Company to the west, and Union Carbide to the south. The Union Carbide Facility separates
the Eastern and Western Lagoon Areas (see Figure 2, Site Facility Map).

A number of the industries in the petrochemical complex area have discontinued
petrochemical and refining operations. PREPA continues to operate as an electrical
generating station.
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2.0  Site Facilities

The CORCO Facility was formed in 1953 and operated as an independent petroleum refiner
and petrochemical manufacturer in the Commonwealth of Puerto Rico. CORCO Facility
historically operated as a petroleum refining and petrochemical manufacturing plant. All
petrochemical operations were suspended in November 1981 and all refining operations
ceased in March 1982. CORCO continues to operate part of its facilities as a products
storage facility and terminal. At present, CORCO is Jeasing tank storage to other companies
for product storage.

When in complete operation, the CORCO complex was divided into several units or areas
(Versar, 1986). These units included:

Refinery Unit No. 1

Refinery Unit No. 2 —
Refinery Unit No. 3 B D & ULJ
Petrochemical Unit No. 1 U
Petrochemical Unit No. 2

Caribe Isoprene Corporation (CIC)

OXOCHEM Enterprises, Inc.

Olefins Plant

HERCOR Chemical Plant

Docking Areas

£l

During production, each refinery operated two crude oil distillation units, a vacuum
distillation unit for crude bottoms, a Hydryflow catalytic cracker unit, a Visbreaker unit, a
hydrotreater unit, a catalytic polymerization unit, and a sulphur recover unit (GCA, 1985).
Products of the refinery included gasoline, naphtha distillates, wet gases, propane, butane,
and fuel oil. At present time, all production operations are idle.

The petrochemical plants (CPI No. 1 and CPI No. 2) received part of their feed stock from
the refinery complex. These feedstocks, heavy and light naphthas, coupled with purchased
naphtha were used to produce liquified petroleum gas (LPG), butane, cyclohexane, benzene,
toluene, and mixed xylenes (ortho-xylenes, meta-xylenes, and paraxylenes). The
petrochemical complex ceased operations in November of 1981. In 1987, both plants were
sold to Arochem International.

The acid plant produced sulfuric acid that was used as a catalyst in the alkylation unit.
Sulfuric acid was also sold as a product. The raw material for the plant was spent sulfuric
acid from the alkylation unit and recovered hydrogen sulfide from the refinery process. The
acid plant ceased operations when the refinery ceased operations.
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Caribe Isoprene Corporation {(CIC) was a joint venture with Mitsubishi and Nippon Zeon
Corporations to produce isoprene, which is used in rubber production. CIC ceased
operations in 1982. CORCO currently owns the CIC property.

The OXOCHEM Plant produced oxo-alcohols. The raw material (propylene) for this plant
was obtained from both the Olefins Plant and CORCO. Final products inciluded 2-
ethylhexanol, isobutanol, and butanol. The alcohols were used as raw materials for phthalate
plasticizers. The plant was a joint venture with GRACE Corporation. The plant was closed
in 1978.

The Olefins Plant was a joint venture with PPG Company. The plant produced propylene for
the OXOCHEM Facility. The Olefins Plant closed in 1978, CORCO does not own the
property occupied by the Olefins Facility. However, CORCO owns two tanks and ancillary
facilities, including real estate, that were originally owned and operated by Puerto Rico
Olefins (PRO).

The HERCOR Chemical Plant was jointly owned by CORCO and Hercules Chemical
Corporation until 1981. In 1981, CORCO withdrew from the HERCOR operations and the
chemical plant became the property of HERCOR Chemical. The plant received feedstock
from the petrochemical complex and produced paraxylenes. CORCO does not own the
property occupied by the HERCOR Chemical Plant.

CORCO has operated docking facilities on Tallaboa Bay and Gauyanilla Bay. The Tallaboa
dock was leased from the Puerto Rico Port Authority and is not longer under the lease
agreement, but is stili utilized by CORCO. The Guayanilla Bay dock, which is owned by
CORCO, was used for the loading and unloading of refinery, petrochemical, and propylene
products. The dock is still used for the loading/unloading of diesel, LPG, jet fuel, and
gasoline.

A separate business consortium proposed to build a modular incineration system at the
CORCO Facility. The construction site was prepared in the northwest portion of the
CORCO Facility on the hillside above the refinery. The site was leveled by cutting into the
hillside and back-filling along the margins. The modular incineration system was not
constructed.

The CORCOQ Tank Farm is for the storage of hydrocarbon products. The largest portion of
the Tank Farm is located north of Route 127 and is situated on the Ponce Limestone. A
number of tanks (8) are located to the south of Route 127 on the Quaternary Alluvium. The
tanks north of Route 127 on the Ponce Limestone, have been cut into the hillside and back
filled with caliche along the margins. The elevation of the Tank Farm, north of Route 127,
ranges from 35 to 330 feet above msl. The elevation of the Tank Farm, south of Route 127,
ranges from 8 to 20 feet above msl.

-
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3.0  Description of Release

Earlier site assessment work discovered the existence of free-phase product on the water
table within the fractured matrix of the Ponce Limestone. A previous investigation within
the northwest portion of the facility, conducted by Roy F. Weston, Inc. (1989), encountered
free-phase product during an Environmental Impact Statement investigation. The study was
conducted at the proposed Modular Incineration Systems, Inc. site (MIS) Area, which is
located due north of Tank 965 and Tank 956.

As part of the Environmental Impact Statement prepared for the proposed MIS Facility, six
{6) bedrock monitoring wells were installed. During the drilling of these wells,
hydrocarbon stained soils and odors were reported. In monitoring well MW-3, free-phase
product was noted at a depth of one hundred and seventy five feet below land surface (175
ft. bls), at the approximate location of the water table. A strong hydrocarbon with black or
brown free-phase product floating on the water was noted in the log for monitor well MW-4.
In monitor well MW-5, a hydrocarbon odor was noted but no visible hydrocarbon was
detected. Strong hydrocarbon odor was reported in monitor well MW-6. No hydrocarbon
odor or product was reported in MW-1 or MW-2. The presence of free-phase product was
confirmed and reported to the appropriate regulatory agency. US EPA correspondence of
January 28, 1994 requested recovery of product confirmed at the MIS Area monitoring
wells.

During a site visit in March of 1994, free-phase product levels were measured in the
monitoring wells at the MIS area. The resuits of these measurements are presented in Table
1. Four (4) of the six (6) MIS monitoring wells contained significant thickness of free-phase
product. Monitoring wells MW-1 and MW-2 contained no product. The measured static
water levels, in MW-1 and MW-2, showed that the water levels were above the screened
interval and free-phase product floating on the water table could not enter these wells. The
measured thickness of free-phase product, March of 1994, ranges from 6.74 to 9.30 feet in
monitoring wells MW-3 through MW-6.

4.0 Abatement Measures

CORCO submitted, on April 15, 1994, "Product Recovery Work Plan for the M.L.S. Area,
COMMONWEALTH OIL REFINING COMPANY, INC." to the US EPA, Region 2. The
product recovery work plan was approved and initiated in July, 1994. The product recovery
system consists of four (4) product recovery pumps installed in the MIS Area monitoring
wells where the presence of free-phase product has been confirmed. The product recovery
pumps will be installed in MW-03, MW-04, MW-05, and MW-06, which have a significant
level of confirmed free-phase product. The MIS Area recovery system includes an air
compressor, four (4) downhole pneumatic pumps, Water Production Prevention system, and
an above ground storage/staging tank.

Nl s
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The downhole pneumatic pumps operate on a cyclic principle with the duration of the
discharge and refill cycles determined by a Main Pump Controller. The cyclic discharge and
recharge of the compressed air is the operating machinize that actuates product production
from the pumps. The discharge occurs when a compressed air charge is delivered to the
pump, which causes the air intake check balls to seat while simultaneously forcing collected
product through the discharge tubing. The refill cycle occurs when the compressed air
charge is removed, which allows the pump to refill with product. The pressurized air vents
from the pump, through the discharge tubing, moving recovered product to the above ground
storage/staging tank.

The pumps operate on cycles, which are controlled by a pneumatic timing circuit. The
multiple pumps are operated from one Main Pump Control by use of Satellite Controls. A
satellite control is placed at each well head, with two air line connections. One air line
connection supplies "operating air” to the pump and the other air line connection is the
"Jogic" tubing from the main control manifold. The rate and duration of the discharge and
refill cycles are determined at the main control manifold. The "logic" signal, sent from the
main control, actuates a valve on the satellite contro! and allows "operating air” to flow to
the pump. Attached to the satellite control is a level sensing tubing that extends down the
well to the liquid level. The "logic" signal from the main pump control is blocked until
there is enough fluid in the well to submerse the end of the level sensing tubing. This
prevents the operation of individual pumps in low product level conditions, without shutting
down the recovery system, ’

The water production prevention systems include a Conductivity Control System and a
Water-In-QOil sensor. The Conductivity Control System consists of a conductivity probe
placed downhole, below the liquid intake level, of each operating pump. On detection of
water, the Conductivity Control actuates a solenoid valve that blocks the "operating air" flow
to the specific pump. This allows the recover system to continue operation, even if one or
more pumps are down due to slow recovery. The second water production prevention
system is an Water-In-Oil sensor. The sensor is located downstream of the product discharge
manifold. When a product with a total concentration of 0.1% H,O is detected, the controller
sends a signal to the Air Solenoid Controller which blocks the air supply to the Main Pump
Control. This shuts down the recovery system. The Water-In-Qil sensor is equipped with a
latching relay that allows the system to be manually operated in an over-ride mode for
pumping water contaminated oil to treatment or storage. The recovered product will be
recycled, blended and stored for sale. All storage/staging tanks are equipped with high-level
pump shut down devices to prevent possible overfill.

The product recovery system was expected to go on-line October 15, 1994. The recovery
system start-up has been postponed due to possible lateral downhole movement of a clay
formation. The pneumatic recovery pumps (1% x 56 inches) could not be correctly
positioned at the proper depth below land surface, as the pumps bound inter-casing at 40 ft.
bls. This depth approximates the location of a clay facie that is known to cause slump and
mass wastage within the Ponce Limestone. The well casings has been scheduled, as of
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October 14, 1994, to be tested using a inter-casing caliper to determine if pumps with a
shorter length can be positioned correctly within the product. The pneumatic pump
manufacture was notified and requested to engineer a smaller pump (1% x 36 inches). These
pumps will be constructed if the caliper testing indicates the wells are viable as recovery
wells. At present, the recovery system is expected to be on-line in early November 1994.

B. SITE CHARACTERIZATION

1.0  Site Physiography

Puerto Rico is the most easterly and smallest of the four major islands that form the Greater
Antilles. The other three land masses within the Greater Antilles island cluster include

Cuba, Jamaica, and Hispaniola. Puerto Rico is surrounded by the Atlantic Ocean to the
north and the Caribbean Sea to the south. The Islands most noteworthy geological feature is
the Cordillera. A chain of towering mountains that rise above the Central Region. The
mountain summits are the high parts of a chain that's mass is buried mostly beneath the sea.
The mountain peaks are the result of volcanic actively that deposited lava and igneous rock in
consecutive layers. To a lesser degree, the island is composed of quartz, diomites, and along
some of the edges, coral limestone.

The daily temperatures in Puerto Rico average in the mid-70's and seldom go above 85
degrees or below 70 degrees. Most rain falls in May but there is no definite rainy season.
The sun shines most days of the year. The CORCO Facility is located on the Caribbean
Island of Puerto Rico. The facility is situated south of the Central Cordillera Mountains in
the southwest region. The CORCO Facility is near Ponce, which is the second largest city
in Puerto Rico.

2.0  Regional Geology and Hydrogeology

The CORCO Facility is located in the Tallaboa-Guayanilla-Guanica subarea of the south
coast region of Puerto Rico (USGS, 1987). The three formations in the Tallaboa-Guayanilla-
Guanica subarea are Quarternary Alluvium, and the Tertiary Limestones which are made up
of the Ponce Limestone and Juana Diaz Limestone. Thick deposits of unconsolidated
Quarternary Alluvial of boulders, gravel, sands, silts and clays underlie large portions of the
Tallaboa Valley. These alternating alluvial sequences grade southward towards the
Caribbean Sea to finer-grained deposits of lacustrine origin. The Quarternary lacustrine
deposit composition is generally fine-grained sequences of sand, silts, clays and peat.
Further southward towards the Caribbean Sea, the benthoic deposits are generally thin re-
worked beach deposits of quartz sand and calcite reef rubble. The Quarternary deposits
thicken seaward and are underlain by the Tertiary Limestone formations. The Quaternary
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Alluvial Deposits are underlain by the Tertiary Ponce Limestone in the south and by the
older Tertiary Juana Diaz Limestone to the north.

The Ponce Limestone is the bedrock of concern in the area of the CORCO Facility. The
Ponce Limestone is comprised of an upper Miocene member and a lower Oligocene member
with a total thickness of 2,260 feet. Tallaboa Valley Basin is underlain by the Ponce
Limestone. Most of the Ponce Limestone is a yellowish-white chalky limestone. The Ponce
Limestone is generally massive, but includes some thin dense strata and clay facies. The
formation is commonly fossiliferous (USGS, 1972). The limestone strikes east-west and dips
south at an angle of ten to twenty degrees. The Ponce Limestone at the CORCO Facility
trends 86 to 94 degrees east and dips 18 to 22 degrees south.

The principle water bearing units underlying the study site are the unconsolidated Alluvial
Deposits and the Ponce Limesione. Based on test borings, monitor well and piezometer
installation programs, the Ponce Limestone is the aquifer of concern for the free-product
recovery program.

The regional hydrogeology discussion is based primarily on the U.S. Geological Survey
report on the water resources of the Tallaboa Valley by Grossman et. al. (1972).
Unconsolidated deposits of sand and gravel, in the central portion of the valley, are by far
the most productive water-bearing material in the Tallaboa Valley region. The Ponce
Limestone may serve as a supplemental source of water to wells tapping the overlying sand
and gravel. Wells in the Quarternary Alluvial have the highest specific capacity and yield.
The maximum yield is reported at 1,200 gpm (USGS, 1972). The average yield of forty
nine (49) wells tapping the sand and gravel aquifer is about 260 gallons per minute (gpm),
with individual wells yielding upwards to 1,650 gpm. In spite of the low yield and a wide
range in chemical quality of groundwater, the Ponce Limestone is the only productive
bedrock in the area and is second only to the unconsolidated sand and gravel as a source of
water. The average yield of four wells tapping this rock is 30 gpm, the maximum yield
being 100 gpm. Salt water intrusion in the alluvium is common near the sea and inland in
heavily pumped supply wells. The Beach and dune deposits commonly contain salt water.

Saltwater intrusion from the sea was reported as early as 1961 to be affecting wells south of
Route 127. Further studies by the USGS in 1966 showed many wells in this area reporting
increased chloride concentrations, the predominant anion of sea water (USGS, 1972). The
fresh water supplies for potable and industrial use are obtained from well fields owned and
operated by the industries or by the Puerto Rico Aqueduct Authority. The Puerto Rico
Aqueduct Authority public potable water is partially supplied from the Grazas Dam, the
Yauco Reservoir, and a well field. The well field is located north of Highway 2, in the
north Tallaboa Valley, and is completed in the alluvial gravel and sand aquifer. Saltwater
intrusion, has shut down most potable water wells in the Tallaboa Valley Region south of
Route 127.

1 T
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Groundwater exists under water table conditions within the alluvial deposits and in the upper
part of the Ponce Limestone beneath the valleys (Weston, 1992). The groundwater of the
Tallaboa Valley Alluvial deposits occurs under water table conditions with a gradient to the
south towards the Bahia de Tallaboa. Groundwater recharge is due to
infiltration/percolation. The fractured limestone recharges from the alluvial sands and gravel
in the central valley region. The upland region is not favorable to recharge as the limestone
is more competent with fewer joints and fractures. The yields in the upland regions of the
Ponce Limestone is generally low with high concentrations of dissotved solids. The Juana
Diaz Formation may supply small yields of water in the valley, but is of poor chemical
quality with a high content of chloride and sulfate (USGS, 1972).

3.0 Potential Receptors

The potential migration pathways investigated are subsurface soil and groundwater. The
focus of this section shall deal with these avenues of potential migration.

Groundwater in the vicinity of the CORCO Facility occurs under water table conditions.
The groundwater flow direction is towards Guayanilla Bay and Tallaboa Bay. This is a south
to southwest flow direction.

The groundwater flow direction in the vicinity of the Eastern lagoon Area is to the southeast
and towards Tallaboa Bay. The Tallaboa River, located approximately 1,200 feet to the west
of the Eastern Lagoon Area, is likely to have little or no effect on the groundwater flow
direction in the area of the Eastern Lagoon Area.

Route 127 appears to act as a possible hydraulic barrier (Ref. Lithology Section) at the
CORCO Facility. The water table appears to mound up adjacent to the roadway. This
phenomenon needs to be further investigated during subsequent product level measurement
events.

The background water quality has been assessed in the northwest portion of the CORCO
Facility at the MIS Area. The water quality was assessed during the MIS Environmental
Impact Statement (Weston, 1989). Based on laboratory analysis of the MIS Area
groundwater samples, the groundwater is considered to be of poor quality for both drinking
water and industrial usage. Chloride concentrations, in all MIS Area wells (MW-1 through
MW-6), were above the Federal drinking water standards of 250 mg/f. The chloride
concentrations ranges from 523 mg/f in MW-1 to 2,820 mg/¢ in MW-4.
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C. SOIL ASSESSMENT

1.0 Soil Boring Program

The soil boring locations at the CORCO Facility were based on probable avenues of
migration. In this way, a suitable number of soil borings serve to characterize potential
pathways for contamination migration, the magnitude of contamination within the soil matrix,
and the aerial extent of free-phase product on the water table. Additionally the soil boring
investigation assess possible migration pathways that may exist between the Ponce Limestone
and the alluvial deposits. The Phase I: Subsurface Oil Investigation soil borings were
converted into piezometer wells to aid in determining the extent of free-phase product and
possible migration pathways.

Before drilling activities began, the location of all soil borings/piezometer wells were staked
by the on-site DSM geologist. The locations were approved by a CORCO representative for
CORCO utilities, to ensure that underground pipelines, underground cables, water pipes or
other potentially dangerous features were not encountered.

A total of five (5) soil borings/piezometer wells were moved from the proposed locations as
delineated in the Phase I: Subsurface Oil Investigation Work Plan (WESTON, 8/30/90).
Boring locations were adjusted based on site access, property boundaries, and surface
obstructions. The soil borings/piezometer wells were relocated as per verbal directive from
Mr. Tim Gordon during a May 11, 1994 Site visit (refer to Figure 3, Soil Boring Location
Map).

The authorized relocated soil borings/piezometer wells are as follows:

PD-1, PD-2 Equally spaced on the Causeway to CORCO Docks flanking

Tank 1007;
PD-18 West of the CORCO Laboratory at the extent of CORCO
property;
PD-22 North West corner of CPI-1, due North of Tank 739; and
PD-26 North of the Refinery Plant II, due North of the boiler office.

The bore-holes were advanced using a Hollow-Stem Auger Drilling Rig. The soil borings
were installed using a trailer mounted Acker and CME-55 drilling rigs capable of advancing
a 6.25-inch outside diameter (O.D.) hollow stem auger to a predetermined depth as defined
in the Soil Boring Plan. Soil borings were sampled from the ground surface to a
termination depth (TD) approximately fifteen (15) feet below the water table using a split-
spoon sampler. Split-spoon samples were collected at 5-foot intervals or at smaller intervals
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during changes in subsurface lithology or when a water horizon was encountered. This
drilling methodology was used for all 32 soil borings in both the Alluvial Deposits and the
Ponce Limestone.

A 2-foot split-spoon sampler was utilized because poor sample recovery was encountered
when drilling in both the alluvial Deposits and the Ponce Limestone. Poor sample recovery
occurred in facies of course-grained and/or saturated granular sediments and in zones of high
density - hard to compact bedrock. Standard penetration tests were preformed when using
the split-spoon sampler in the course-grained, noncohesive, and saturated granular sediments
in conformance with ASTM D-1586. This in-field physical properties testing technique was
used to quantify the relative density of the noncohesive and cohesive facies.

The sampling tools utilized in the investigation were decontaminated between collection of
individual samples. All downhole equipment and the drilling rig was decontaminated prior to
initiating the drilling of a soil boring. The sampling tools, drill rig, and downhole equipment
were decontaminated using a high-pressure, hot water steam cleaner and a high-pressure
potable water rinse. Those items for steam cleaning would include drill pipe, hollow-stem
auger flights, drill bits, tremie pipe, and down hole sampling devices.

At the soil boring site, the sampling equipment was decontaminated between samples using
first a washing and scrubbing in a mild laboratory detergent (Liquinox ®), followed by a
potable water rinse, and then a final rinse using deionized water. The on-site decontamination
procedures were used on sampling devices such as split spoons, Shelby tubes, as well as
sample trays and stain-less steel trowels and knives.

1.1  Soil Boring Location

The boring locations of the Phase I: Subsurface Oil Investigation were based on the site
specific lithology as determined by previous subsurface investigations conducted at the
CORCO Facility. Previous investigations in these areas were conducted by Versar, Inc.
(1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994). The two
formations investigated are as follows:

- Alluvial Deposits
- Ponce Limestone

The Phase I: Subsurface Qil Investigation is in complience with the 1990 Settlement
Agreement between CORCO and the U.S. EPA. The purpose for the location and placement
of soil boring/piezometer wells was to develop a facility wide information data base to
determine the presence of free-phase product.

Eight (8) soil borings were drilled in the Alluvial deposits between the Eastern Lagoon Area
and the Western Lagoon Area at CORCO's southern property boundary. Eight monitoring
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welis (EL-1 through EL-4 and WL-1 through WL-4) had been drilled by GDC Engineering,
Inc. (1994) in a previous investigation in the Alluvial Deposits.

The eight soil borings drilled in the Alluvial deposits are located south of Route 127. The
soil boring PD-1 is situated at the northwest corner of Tank 1007's berm. The remaining
seven (7) soil borings in the Alluvial Deposits, PD-2 through PD-8, are located on a west to
east line approximately equal-distance between each other. The borings PD-3 through PD-8
are located at the southern extent of CORCO property.

Twenty-six (26) soil borings were drilled in the Ponce Limestone. These borings were
placed in three strings on an west to east orientation to the extent of CORCO property. The
strings were placed within three approximate ranges of elevations at 40 to 55 msl, 90 to 105
msl, and 145 to 190 msl. A previous investigation within the northwest portion of the
facility, conducted by Roy F. Weston, Inc. (1989), encountered free-phase product during an
Environmental Impact Study. This study was conducted at the proposed Modular
Incineration Systems, Inc. site (M.1.S. Area), which is located due north of Tank 965 and
Tank 956. The elevations of the MIS Area monitoring wells ranges from approximately 170
ft. bls to greater than 200 ft. bis.

The twenty-six (26) soil borings drilled in the Ponce Limestone are located north of Route
127. The lowest string of soil borings, PD-9 through PD-18, are located south of the
process areas at two elevation ranges of approximately 45 to 55 ft. ms! and 90 to 105 ft. msl.
These borings are spaced equal-distance, on an west to east bearing, from southwest of Tank
1011 to due east of PROLAB. The second string of soil borings, PD-23, PD-24, PD-19,
PD-20, PD-21, PD-27, PD-28, PD-29, and PD-22, are located on the roadway north of the
process areas. The second string of borings is at two elevation ranges of approximately 90
to 105 ft. msl and 145 to 190 ft. msl. These borings are spaced equal-distance, on a west to
east bearing, from due west of Tank 965 to due north of C.P.I. 1. The third string of soil
borings, PD-30, PD-31, PD-32, PD-25, and PD-26, at two elevation ranges of approximately
90 to 105 ft. msl and 145 to 190 ft. msl. These borings are spaced equal-distance, on a west
to east bearing, from due west of Tank 955 to south east of Tank 973. The third string of
soil borings is located south of the MIS Area.

All thirty two (32) soil borings/piezometer well installations were advanced to the uppermost
aquifer. The soil borings were terminated a minimum of 15 feet into the water table.
Occasionally the boring was drilled further into the formation when a "heaving sand” was
encountered. The additional footage drilled was deemed necessary inorder to set a
piezometer well without impacting the formation. The soil borings were expected to
encounter the saturated zone between 5 to 15 feet above mean sea level (msl) in both
formations as the uppermost aquifer at the facility is acting under water table conditions.
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1.2 Sample Selection

Soil samples were collected in advance of the hollow stem drilling augers with a split-spoon
sampler to ensure that the samples were collected from undisturbed soils. When a soil
sample had been collected, it was brought to the surface and removed from the downhole
split-spoon sampler. The soil samples were collected from the cores using dedicated or
decontaminated sampling tools at regular 5 foot depth intervals. If sandy unconsolidated,
noncohesive samples were retrieved, the sample was carefully scooped into glass sample
containers using a stainless steel spoon. The collected soil core and bedrock samples were
placed into glass sample containers for delivery for analytical laboratory analyses.

All collected soil samples were logged in the field by a qualified DSM professional in
geology. Selected sample intervals were tested and described in the field using the Unified
Soil Classification System (USCS). DSM drilling logs and field records include discussions
of the lithographic characteristics encountered according to the USCS descriptive
methodology (refer to Figure 4). The USCS soil description defines the soil types within a
specific format describing structure, texture, mineral composition, moisture content, color
and name. The USCS soil description also notes any evidence or odors indicating
hydrocarbon contamination.

A portion of each collected sample was placed in a sample screening container and the head
space scanned with an Organic Vapor Analyzer (OVA). The make and model of the OVA
used during the investigation was a Microtip HL.-2000 Photovac ®. The OVA was
calibrated, at a minimum of once a day, with a span gas of 100 parts per million (ppm)
isobuytlene for the detection of light end hydrocarbons.

Field screening of boring samples for volatile organics was performed by taking a
representative sample from the full length of each core sample and sealing it in an air tight
plastic bag of approximately 500 ml capacity. After the sample had been allowed to
equilibrate for at least 5 minutes, the bag was pierced with the probe of an OVA. The
headspace gas was allowed to enter the photoionization detector of the OVA to obtain a
reading of the maximum volatile organic constituents. The soil classification and vapor
analyses record of the detected hydrocarbon result was recorded on the Field Boring Log.
The OVA results from the soil borings was recorded as parts per million (ppm) and at the
representative depth below-land-surface (bls) the sample was retrieved.

The Field Boring Logs were reviewed following completion of the Phase I: Subsurface Qil
Investigation. The Field Boring Logs contained: piezometer completion data, sample
number, sample depth, blow-counts, percent recovery, USCS sample description, and sample
type. A total of five hundred and fifty (550) samples were collected during the investigation.
All samples were submitted to an analytical laboratory for visual-manual description and
USCS classification.
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1.3 Soil Boring Geotechnical Results

The five hundred and fifty (550) soil samples collected during the investigation were
reviewed with respect to both the Phase I: Subsurface Oil Investigation, and the M.1.S. Area
Product Recovery Project. All five hundred and fifty (550) collected soil samples were
analyzed by a Geotechnical Laboratory for Visual-Manual Description, and USCS
Classification. A group of two-hundred and seventy (270) soil samples were selected to be
analyzed for Grain Size, Plasticity Index and Moisture Content. These samples were selected
for laboratory analysis based on the need to gather facility wide geo-technical data for free-
phase product recovery. This information was judged to be essential for a cognizance
understanding of the subsurface conditions at the facility.

The two hundred and seventy (270) collected soil samples have been categorized by
piezometer number, sample number, and the depth below-ground-surface for the samples to
be analyzed for Grain Size, Plasticity Index and Moisture Content (refer to Table 2,
Collected Soil Samples Sent to an Analytical Laboratory).

The collected soil samples were sent to an analytical laboratory for analysis of Grain Size,
Plasticity Index and Moisture Content to obtain: 1} independent non-bias conformation of the
facies; 2) in-situ physical characterization; and 3) analytical laboratory characterization. The
Field Boring Logs indicated that the Ponce Limestone and the Alluvial Deposits formations
are heterogeneous.

The samples analyzed were selected from facies encountered in the Phase I: Subsurface Oil
Investigation that may influence product transportation, product migration, and product
recovery. The facies that are greater than twenty (20) feet thick had multiple samples
analyzed inorder to get a analytical range across the facie. The facies were determined in the
field by visual-manual classification methods. The field description indicated that the
formations are heterogeneous. The categorized samples were then sent to an analytical
laboratory for laboratory characterization.

The characterization of the soil samples will aid in optimizing product recovery at the
CORCO Facility. The analytical data will be used to model the subsurface in order to
determine optimal recovery methods and time necessary to recover the product on the water
table.

A measurement of particle size distribution has been made for the facies analyzed by the
laboratory. The methodology for measurement of particle size distribution was a
sieve/hydrometer analysis according to ASTM 63D422 (rev. 1990). The particle size gives
an estimate of the hydraulic conductivity of the soil and an assessment of the sorptive
capacity of the soil.

The laboratory Atterburg Test (ASTM D4318 rev. 1993) was completed on the samples.
These test results will aid in optimizing free-phase product recovery at the facility.
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Atterburg Tests have been preformed on facies in the Ponce Limestone. The plasticity and
type of fine-grained soil is identified by placement on the Plasticity Chart.

Field estimation of plasticity was accomplished by the repeated act of deforming and
remolding a small lump of soil. The methods of performing the field plasticity evaluation
was the worm-test. In the worm-test, a small lump of the soil (approximately 0.5 inches by
0.5 inches) was removed from the core. The lump of soil was first saturated (water was
added if not naturally saturated), then rolled back and forth between the palms and hand until
a "worm" of approximately 1/8 inch in diameter was formed. The sample was determined to
be at its plastic limit when the worm breaks upon being rolled. The sample was then
remolded into a lump, and the process (without adding additional water) was repeated. The
field plasticity description was based upon the number of times the process can be repeated
as follows:

Field Plasticity Determination (Worm Test)

Nonplastic 1/8 inch worm cannot be rolled at any water content.

Low Piasticity 1/8 inch worm can barely be rolled and lump cannot be formed after reaching
plastic limit one time.

Moderate Plasticity 1/8 inch worm is easy to roll and form but lump cannot be formed afier reaching
plastic limit one to three times.

High Plasticity 1/8 inch worm can be rolled and reformed numerous times.

The moisture content of a soil was determined in the field by visual-manual methodology.
The description is important in understanding an aquifers characteristics and possible
reactions to recovery system stresses. Great care was taken when determining the point of
saturation and the thickness of any capillary fringe. The moisture content was determined in
the Atierburg Test (ASTM D4318) for the submitted soil samples.

Partially saturated soils were described as being dry, damp, or moist with increasing degrees
of saturation. When a sample was seen to be saturated it was recorded on the Field Boring
Logs at the depth the soil became saturated and of the depth at which the soil ceased to being
saturated. The degree of saturation was determined in the field using the foliowing visual
methods:

Field Moisture Content Determination

Dry Absence of moisture, dusty, dry to the touch.

Damp Sufficient moisture to hold particles together but not sufficient to smear fines when
rubbed.

Moist Sufficient moisture to hold particles together and to smear fines when rubbed.

Saturated Sample has free water. Visible water forms at sample surface when struck repeatedly

with the flat edge of a sampling knife.
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The relative density of a noncohesive soil or slightly cohesive soil was determined by
recording an "N-value" from the hammer blows used to advance the split-spoon sampler.
The split-spoon sample was collected by advancing an 18 inch long by 1 inch ID sampler
with repeated 30 inch free-fall drops of a 140 pounds hammer. The sampler was placed on
the bottom of the borehole, and six inch increments are marked off on the drill stem from a
fixed referenced (the top of the augers). The hammer was then used to advance the sampler
(as indicated above), and the number of blows required to drive each 6-inch interval were
recorded on the Field Boring Logs. For the protection of the sample tool, no more than 50
blows are used during any single 6-inch advance.

1.4  Piezometer Well Installation

The Phase I: Subsurface Oil Investigation soil borings were converted into two-inch
piezometer wells in order to monitor the uppermost aquifer at the CORCO Facility. The
piezometer wells were completed in accordance with the US EPA approved Weston Phase I:
Subsurface Oil Investigation Work Plan. The piezometer configuration was installed to
determine the potentiometric surface at the CORCO Facility.

The drilling subcontractor mobilized to the CORCO Facility on May 10, 1994 and
commenced drilling on May 12, 1994. The driiling rig mobilized to the site in May 1994
was an trailer mounted Acker capable of drilling 6 3% inch OD Hollow Stem augers. A
second drilling rig, a trailer mounted CME-55, was mobilized to the CORCO Facility on
June 22, 1994. The installation of all thirty-two (32) piezometers was completed on July 22,
1994 (ref. Table 3). The construction of all thirty-two (32) piezometer pads was completed
August 17, 1994,

The bore-holes were advanced using a Hollow-Stem Auger Drilling Rig. Split-spoon samples
were collected at 5-foot intervals or at smaller intervals during changes in subsurface
lithology or when a water horizon was encountered. This drilling methodology was used for
all 32 soil borings in both the Alluvial Deposits and the Ponce Limestone. When the soil
sampling and logging was complete, the bore hole was reamed to remove any material that
may have slough off downhole. The hollow stem augers were then removed from the bore
hole and the piezometer well was instailed inter-bore. Each piezometer well was constructed
of 2-inch, Schedule 40, flush threaded, PVC monitoring well casing. No joint compound
was used to seal the PVC threads. The screen sections were 20 feet factory lengths of PVC
"wire wrapped" slotted screen as approved in the Work Plan. The added strength of the
PVC "wire wrapped" screen was determined to be necessary due to the downhole pressures.
Five feet of screen was positioned above the saturated zone with the remaining fifteen feet of
screen set below the water table.

At boring locations in the Quarternary Alluvial and the Ponce Limestone, a "heaving sand”
was encountered. In such instances, the borehole was usually drilled an additional five (§)
feet and a five foot section of blank casing added to the bottom of the screen. This allowed
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for formation collapse and "heaving sand” to occur while screening the proper zone and

placing the filter pack from the bottom of the screen to a minimum of two feet above the
screened interval.

Once the well screen and casing were positioned inside the borehole, a clean gravel filter
pack was introduced into the annulus. The filter pack was brought up to a depth of
approximately two feet above the screened interval. A weighted measuring tape was used to
measure the settling depth of the well materials. Bentonite pellets were added to a minimum
depth of two feet above the filter pack and then hydrated to form a seal. The remaining
annulus was filled with dry cuttings, that had no visible oil staining or detectable
hydrocarbon as measured with the OVA, from the vadose portion of the borehole to within
two feet of ground surface.

The piezometer well completions consist of a locking six-inch protective well casings set into
a four by four foot by six-inch sloped concrete pad. The well pads have four three-inch
concrete filled steel protective casings placed eighteen inches in the ground at each corner of
the well pad. The well casings were filled with concrete to a height of greater than twelve
inches above natural ground surface. A flush mount surface cover was used in place of the
steel protective well casing at PD-15 and PD-20. The surface mount cover was utilized
inorder not to impede traffic in the roadway.

A piezometer well construction summary is submitted in Appendix C - Soil Assessment. The
soil boring logs, interval screened, gravel pack interval, survey data, and analytical data is
summarized on the piezometer well installation forms.

1.5 Decontamination Procedures

In order to eliminate the possibility of cross-contamination, special procedures were followed
during the field investigation, The most effective procedure utilized was contamination
avoidance. As much as possible, dedicated and/or disposable equipment were used to collect
samples. Personnel coming in contact with samples used a level of personnel protection as
indicated by the Site Specific Heaith and Safety Plan. Gloves were replaced each time a new
sample was handled.

The sampling tools utilized in the investigation were decontaminated between collection of
individual samples. All downhole equipment and the drilling rig was decontaminated prior to
initiating the drilling of a soil boring. The sampling tools, drill rig, and downhole equipment
was decontaminated using a high-pressure, hot water steam cleaner and a high-pressure
potable water rinse. Those items for steam cleaning would include drill pipe, hollow-stem
auger flights, drill bits, tremie pipe, and down hole sampling devices.

At the soil boring site, the sampling equipment was decontaminated between samples using
first a washing and scrubbing in a mild laboratory detergent (Liqunox ©), followed by a

CORCO Phase I: Subsurface Oil Investigation R October 28, 1994
DSM Project No. 1012-01-01 D f—\ : ’ o Page II-18



potable water rinse, and then a final rinse using deionized water. The on-site decontamination
procedures were used on sampling devices such as split spoons, Shelby tubes, as well as
sample trays and stain-less steel trowels and knives. When in use or in storage, ail
uncontaminated equipment was protected from contamination by using plastic sheeting or
some other appropriate method.

The down-hole equipment decontamnination was performed near the API Separator. Care was
taken to ensure that any overspray or runoff was collected, contained and labeled for later
disposal. The collection method involved construction of a decontamination pad large
enough to clean two hundred footage of hollow stem augers and the drill rig. The decon pad
measured 20 by 40 ft. for a total area of 800 ft.? to decon. The decon pad construction
consisted of placing % inch ply-wood boards on the ground, surrounding the pad with
wooden boards (2 x 12 inches by 20 ft.), then over laying everything with a 40 mil mylar
linear. The decon pad was inspected daily to insure that no decon waters were escaping
through possible tears in the linear. The containers are limited to the designated areas
pending classification and disposal.

Personal health and safety procedures were used to limit exposure to contaminants.

2.0  Site Specific Lithology

The site specific lithology as determined by previous subsurface investigations conducted at
the CORCO facility is the Quaternary Alluvial Deposits and the Tertiary Ponce Limestone.

Previous investigations in these two formations were conducted by Versar, Inc. (1986), Roy
F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994).

The boring locations of the Phase I: Subsurface Oil Investigation are based on data derived
from previous investigations at the CORCO Facility and the EPA approved Weston Work
Plan. The position of the soil borings was made to complement data gathered from the
previous investigations and gather enough data to form a facility wide subsurface data base.

The geology at the CORCO Facility has been determined to be the Quarternary Alluvial
Deposits and the Tertiary Ponce Limestone. These formations were the lithographic units of
interest during the Phase [: Subsurface Oil Investigation.

2.1  Quartermary Alluvial Deposits

The Quarternary Alluvial Deposits are located in the low lying regions, at the CORCO
Facility, south of Route 127. The Phase I investigation advanced eight (8) piezometer soil
borings in the alluvial deposits to a maximum depth of thirty (30) feet below-land-surface.
The elevation range, for the soil borings, was from 4.69 to 11.84 feet above mean sea level
(ft. msl).
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The soil borings, in the alluvial, indicate that there were two or more depositional
environments in the area investigated. This can be seen in Figure 6: Cross-Section A - A',
which shows the lithology encountered in soil borings PD-1 through PD-8. The soil facies
range from peat, to mixtures of clay to graveis. The composition of the facies indicates a
wide energy range during the depositional environments. This energy was applied by waves
and currents affecting the composition of the facies. The rounding, sorting and winnowing
of the facies exhibit medium energy ranges, the textural maturity, and high energy ranges or
textural inversions.

The lithology can be interpreted as being constructed of three zones. The first zone is
varying grades of silty clay to siity clayey gravel. This appears to be fill material. The fill
material originates from the Ponce Limestone and most likely was deposited during
construction of the CORCO Tank Farm. The second zone shows facies of diverse
compositions of peat to organic silty clays. The third zone shows facies of clay, silt and
sands.

The soil borings PD-1 through PD-8 indicate a relatively moderate energy depositional
environment with in the second depositional zone. These facies were encountered at five to
twenty three (5 to 23) ft. bls. The facies, in these borings, are varying compositions of peat
to organic silty clays. A peat zone was found in PD-2 at ten to twelve (10 to 12) ft. bls. To
the east, in borings PD-5 and PD-7, clay lenses were found at ten to fourteen (10 to 14) ft.
bls. Boring PD-8 showed a gravelly sand at ten to fifteen (10 to 15) ft. bis, with in the
second depositional zone.

The third zone was encountered at sixteen to twenty-two (16 to 22) ft. bls. This zone has
silty sand, clayey sand and gravelly sand facies. The sediments range from well sorted
grains in a clay matrix to sub-rounded grains in a silty clay matrix. This is indicative of a
high energy depositional environment, by the textural inversions of the facies.

The Alluvial Deposits show a range of energy during the depositional environment. The
textural maturity of the facies falls with in the immature, sub-mature to mature ranges. The
depositional environments in these energy ranges are flood plain, lagoon/swamp, river
channel, and beach and bar environs. The facies also exhibit textural inversions that indicate
multiple source material or reworked older sediments into primary deposits.

The depositional environment, encountered during the investigation of the Alluvial Deposits,
is reflected by the textural maturity and textural inversions of the facies composition. The
older facies, third depositional zone, exhibit a beach-bar composition. The second
depositional zone shows a range of maturity and textural inversions that is indicative of low
to moderate energy environs. The winnowing and sorting of the second zone facies exhibits
deposition features of Lagoon/swamp and river/splay deposits. These findings are consistent
with the U.S. Geological Survey report on the water resources of the Tallaboa Valiey
(Grossman, et. al. 1972).
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2.2  Tertiary Ponce Limestone

The Tertiary Ponce Limestone deposits are located in the upland regions, at the CORCO
Facility, north of Route 127. The Phase I investigation advanced twenty-six (26) piezometer
soil borings in the Ponce Limestone deposits to a maximum depth of one hundred and ninety
(190) feet below-land-surface. The elevation range, for the soil borings, was from 29.56 to
164.25 feet above mean sea level (ft. msi).

The twenty-six (26) soil borings drilled in the Ponce Limestone are located north of Route
127. The lowest string of soil borings, PD-9 through PD-18, are located south of the
process areas at two elevation ranges of approximately 45 to 55 ft. msl and 90 to 105 ft. msi.
These borings are spaced equal-distance, on an west to east bearing, from southwest of Tank
1011 to due east of PROLAB. The second string of soil borings, PD-23, PD-24, PD-19,
PD-20, PD-21, PD-27, PD-28, PD-29, and PD-22, are located on the roadway north of the
process areas. The second string of borings is at two elevation ranges of approximately 90
to 105 fi. msl and 145 to 190 ft. msl. These borings are spaced equal-distance, on a west to
east bearing, from due west of Tank 965 to due north of C.P.I. 1. The third string of soil
borings, PD-30, PD-31, PD-32, PD-25, and PD-26, at two elevation ranges of approximately
90 to 105 ft. msl and 145 to 190 ft. msl. These borings are spaced equal-distance, on a west
to east bearing, from due west of Tank 955 to south east of Tank 973. The third string of
soil borings is located south of the MIS Area.

The three strings of soil borings have been plotted as cross-sections. The lithology of the
lowest string of soil borings is Figure 7: Cross-Section B - B'; the lithology of the second
elevation string is Figure 8: Cross-Section C - C'; and the lithology of the third elevation
string is Figure 9: Cross-Section D - D',

Most of the Ponce Limestone is a yellowish-white chalky limestone. The Ponce Limestone is
generally massive, but includes some thin dense strata and clay facies. The formation is
commonly fossiliferous (USGS, 1972). The Ponce Limestone at the CORCO Facility trends
86 to 94 degrees east and dips 18 to 22 degrees south.

The Ponce Limestone can be chemically classified as: 1) allochems, 2) microcrystalline
calcite, and 3) sparry caicite. The Ponce generally contains sparry calcite and in locations is
highly fossiliferous. The Ponce commonly falls within the Sparry Allochemical Limestone
(sparites) Compositional Classification. The Type I: sparites indicates the limestone was
deposited in an environment of vigorous winnowing action and pretty efficient sorting (R.L.
Folk, Petrology of Sedimentary Rocks, 1980). This can be seen in the Ponce Limestone as
the formation often shows good bedding, close packing and good orientation of allowchems.
This indicates the depositional environment, of the Ponce Limestone at the Facility, was
generally a high energy environment with strong currents with areas of low energy weak
currents.
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This energy environment is consistent with the depositional features evidence at the CORCO
Facility in the Ponce Limestone. The reef complex structures would show both high and low
energy depositional features such as wash-outs and winnowing effects, which the Ponce does
in both textural and compositional variation. The compositional diversity, of the Ponce
Limestone, ranges from sparry calcite to microcrystalline calcite. The reef compiex typically
has areas of very strong currents, short lived and weak currents.

The clastic limestone classification, for the Ponce Limestone, ranges from a calcisilite to a
calcirudite according to the Clastic Limestone Classification System (American Association of
Petroleum Geologists, R. L. Folk, 1959). The calcite grain size ranged from fine to very
coarse (0.03 mm to 2.0 mm) in all Phase I soil borings drilled in the Ponce Limestone. The
borings PD-27, PD-28, and PD-29, the upper east-most string, evidenced some very hard
zones of calcircudite at fifty-two to sixty-eight (52 to 68) ft. bls

The Ponce Limestone contains many structural features that can be generalized across the
CORCO Facility. The bedding of the Ponce dips at eighteen to twenty-two (18 to 229)
degrees at the Facility. The Ponce Limestone strikes at eighty-six to ninety-four (86 to 940)
degrees east. Numerous joints and fractures, in the Ponce Limestone, can be evidenced in
out-crops across the Facility. There are reef structures that cross the bedding plains. A
complex reef structure out-crops due north of the Machine Shop and between PD-31 and PD-
32. The structural features control the diagenesis of the limestone.

The dip, of the bedding plains, tend to influence the migration pathways at and to the water
table. The numerous joints and faults effect vertical migration, with weathering occurring in
these areas. The Tank Farm evidences two locals of considerable joints that dip at
approximately two hundred (2000) degrees south, or perpendicular to the bedding plains of
the Ponce Limestone. These areas are located on the second string of soil borings. The first
zone of jointing was show in soil borings at PD-24, PD-19, PD-20 and PD-21. The second
zone of jointing was show in soil borings at PD-28 and PD-29. The joint surface trace can
been viewed in both the outcrops and on the Tank Farm roadway.

The 18 to 220 dip of the Ponce Limestone effects the horizontal pathways at the water table.
This feature was evidenced at PD-17, PD-18, and PD-25. Small cavities of a soft "calcite
gel" four to seven feet in height were encountered at the water table. The cavities at PD-17
and PD-18 were each filled with approximately 25 sacks of filter pack gravel. The cavity at
PD-25 required approximately ten cu. yds. of gravel to be filled. These cavities cannot be
viewed as phreatic caves as they were filled with a "calcite gel”. This most likely is a
localized solution mechanism of recharge and discharge.

The dip of the Ponce Limestone resuits in a relatively horizontal water table. The water
table in the Ponce Limestone was generally encountered at two to five feet above mean sea
level. The formation often showed "heaving sands” at or just below the point of saturation.
This was evidenced in every soil boring, in the Ponce Limestone, drilled during the Phase I:
Subsurface Oil Investigation. The widespread "heaving sands" is indicative of diffuse-flow

CORCO Phase I: Subsurface Oil Investigation r__] October 28, 1994
{

-
DSM Project No. 1012-01-01 P r T 3 U Page 11-22
vl : i



pathways and the aquifer should act as a homogeneous, isotropic porous media (Applied
Hydrology, Fetter, 1988).

The Ponce Limestone aquifer consistently was encountered near sea level, except at PD-13.
The soil boring PD-13 lithology is typical of the Ponce Limestone, but the saturated zone is
an anomaly compared to all other borings in the Ponce Limestone. The saturated zone was
encountered at thirteen feet below land surface in PD-13. This saturated zone, at PD-13, is a

"perched aquifer” above the water table. The level measurements also indicate PD-13 as an
outlier.

3.0 Waste Management and Disposition

The drummed drill cuttings and decontamination wastes generated during the Phase I:
Subsurface Qil Investigation are being stored on-site in an environmentally safe manner until
proper disposal. CORCO will collect representative samples from the stock-piled waste soils
and waters and analyze for selected volatile, semi-volatile and metals. The resuits of the
analyses will be used to select an appropriate disposal option. The generated wastes are
being stored on-site in labeled containers. The label is written in permanent metal marker
and has the name of the generator and description of the contents of the waste generated.
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D. GROUNDWATER ASSESSMENT

The groundwater assessment for the Phase I: Subsurface Oil Investigation is primarily
concerned with finding the presence and volume of free-phase product on the water table at
the CORCO Facility. The validation of free-phase product, in the soil borings that indicated
product, followed the development of the piezometer development.

The Phase I. Subsurface Oil Investigation piezometers were surveyed to meters above mean
sea level. The survey data was converted to feet above mean sea level using the constant of
0.3048 feet per meter. The ground surface and piezometer pad elevations were converted to
ft. msl using the same constant. The survey data was converted to ft. msl to keep the
measurement and reporting units constant as drilling was recorded in ft. bls and static
measurements were collected in 0.01 ft. increments.

The collected survey and fluid level monitoring data was utilized for basic groundwater
characterization, at the CORCO Facility. The ground water parameters discussed in this
section are flow direction, gradient, velocity, and hydraulic conductivity.

. -y 7 -
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1.0 Survey Methodology ISR \r

At piezometer well completion, the location and elevation of the piezometer wells relative to
a standard datum was established. The piezometer wells were accurately located and
referenced to a vertical datum by a licensed surveyor in the Commonwealth of Puerto Rico.

The piezometer locations were surveyed from a standard reference Facility Grid Point and
established USGS datum point. The licensed surveyor also surveyed the piezometer Top of
Casing (TOC) elevations and elevation of the undisturbed land surface adjacent to the newly
installed piezometer wells. The difference between these two elevations is equal to the
amount of casing stickup for each piezometer well.

The piezometer wells were surveyed vertically and horizontally at three (3) points. These
survey points are as follows:

1. ground surface due north;
2. pad surface due north and adjacent to the well casing; and
3. Top-of-Casing (TOC) due north.

The NORTH Top-of Casing (TOC) reference point serves as the precise reference point on
the Phase I: Subsurface Oil Investigation piezometer wells.
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2.0  Fluid Level Monitoring

On September 9, 1994, CORCO started the piezometer well development for all thirty-two
piezometers installed during the Phase I: Subsurface Oil Investigation. The development of
the thirty-two piezometers was compieted on September 24, 1994. The developed
piezometers were allowed to equilibrate seventy two (72) hours prior to level measurements.
The level measurements were conducted on September 27, 1994. All thirty-two (32)
piezometers, eight (8) Site Assessment monitor wells, and six (6) M.I.S. Area monitoring
wells were measured using an Qil/Water Interface Probe. The Oil/Water Interface probe
was utilized to validate the presence of Free-Phase hydrocarbons with in the piezometers
listed above.

This section describes the methodology that was used during the piezometer development and
the collection of groundwater and product level measurements from all wells at the CORCO
Facility. Field measurements of pH, temperature and specific conductivity were recorded.
All sampling and analytical methods will be conducted in accordance with EPA SW-846;
Test Methods For Evaluating Solid Waste. Prior to use, the conductivity and pH meters
were calibrated in accordance with manufactures recommendations and procedures
established in SW-846.

The condition of the protective cover, well casing and surface pad were assessed and if the
well conditions were not to the recommended RCRA Groundwater Monitoring Technical
Enforcement Guidance Document (TEGD-U.S. EPA, 1986) standards, this was recorded in
the field logs. The area around the well head and purge water container was covered with
disposable piastic sheeting to avoid possible release of contaminated waters to the ground
surface. The sampling personnel prepared the sampling equipment, sample containers and
wore disposable protective gloves.

Prior to sampling, the fluid level measurement of total depth (TD) for each well was
conducted and compared to the well completion data sheets in order to confirm well integrity
and rate of sedimentation within each well. All measurements were recorded to the nearest
hundredth (0.01) of a foot and referenced to a marked location on the well casing. The static
water level measurements were collected by interface probe or an electric line probe (E-line).
The interface probe was utilized to determine if there was a dense-phase immiscible layer
within the well system. These instruments were the only non-dedicated equipment to enter
the wells.

Each well was then developed (evacuated) to remove stagnant non-representative waters and
sediments from the screened well facie. The procedures for well development were as
follows:

L. After determining the depth to groundwater from top of casing (TOC), the volume of water to be

evacuated from the well will be calculated by using the following steps:
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Determine the height of the column of fluid in the well by taking the difference between
the value of TOC and TD.

Determine the area of the well-bore using the following formuia:
Area = nr?
where:
x =314
r is the radius of the well bore (in feet)
Determine the borehole volume in gallons using the foilowing formula:
Volume = (7.48)(HA)

where:
7.48 is the factor for converting cubic feet to gallons

H is the height of the column of water (in feet)
A is the area of the well bore (in square feef)
Multiply by 3 or 5 to determine minimum weli bore volumes in gailons.

(a minimum 5 well bore volumes to develop the well)
(a minimum 3 well bore volumes to purge the well)

A quick method of conversion is:
One Casing Volume (gallons) = H x (gal/ft of water)
Conversions from well diameter to gal/ft of water are:

2" well = 0.17 gal/ft 4" well = 0.66 gal/ft
6" well = 1.5 gal/ft 8" well = 2.6 gal/ft
2. Once the volume of water to be evacuated is calculated the area around the well is prepared for

purging of the wells. The ground surface, between the well head and development water barrel, is
covered with 4 ml mylar and bermed (approximately 4 ft by 4 ft). Each well may be supplied with
dedicated bailers and bailer rope.

3. Temperawre, pH and specific conductivity will be measured in the field during the development
process. A measure of each parameter will be recorded for each well volume of fluid removed. If
a well is purged to dryness then it will be deemed not necessary to evacuate the total number of
well volumes.

The time, volume, pH and specific conductance of the purged volumes of water was
recorded in the field logs. After sufficient time to allow the well recovery, the static fiuid
levels (hydraulic head) was again measured with an interface probe or E-line. When the well
had recovered to the approximate static water level the well was sampled.

o~ g
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The sampling equipment was decontaminated between each well use to prevent possible
cross-contamination. Decontamination consisted of a phosphate-free detergent wash followed
by a potable water rinse then a rinse with de-ionized water.

3.0 Groundwater Characterization

A number of wells have been installed at the CORCO Facility during various subsurface
investigations.

To date, forty-six (46) piezometers and monitoring wells have been installed at the CORCO
facility. In September, 1994, CORCO conducted the piezometer well development for all
thirty-two instailed piezometers. The thirty-two (32) piezometers, eight (8) Site Assessment
monitor wells, and six (6) M.I.S. Area monitoring wells were measured using an Oil/Water
Interface Probe. The Oil/Water Interface probe was utilized to validate the presence of Free-
Phase hydrocarbons with in the piezometers and monitoring wells listed above.

: O ‘\‘ s T‘]
3.1 Groundwater Flow Direction LJ obu U“

The level measurements for the thirty-two piezometers, six MIS Area monitoring wells and
eight RCRA monitoring wells were collected on the merning of September 27, 1994. The
collected level measurements are tabulated in Table 4. The monitoring wells and
piezometers that had free-phase product were corrected using a specific gravity of 0.90. The
corrected measurements were then plotted as Figure 10, Potentiometric Measurement Map
(09/27/94). The groundwater flow is assumed to be steady-state, that flow is laminar and
Darcy's Law is valid. These assumptions were made to generate the potentiometric surface
at the Facility.

The level measurement at PD-13 was recorded at 18.81 ft. msl. This is an outlier. The
piezometer is located in a perched aquifer. The static measurement at PD-13 was utilized in
construction of the potentiometric surface as it is believed to be relevant to the characteristics
of the water table. The level measurements at PD-13 agree with a hydraulic ridge.

The complex potentiometric surface, at the CORCO Facility, indicates several groundwater
flow directions. The groundwater flows southeast towards Guayanilla Bay, northeast towards
Tank Farm Central Area, and northwest towards the Tank Farm Central Area. The
potentiometric measurements were plotted using the modeling program SURFER. These
plots are Figure 12: X-Y Potentiometric Measurement Map and Figure 13: XY-Z
Potentiometric Measurement Map. The model was used to verify the complex groundwater
flow patterns.

A large hydraulic ridge is present trending northwest to southeast. The hydraulic ridge
extends from PD-31 to PD-7. The level measurements of the ridge range from 7.09 to 18.81
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ft msl. The piezometer level measurement, on the northwest to southeast hydraulic ridge,
were PD-31 at 7.09 ft. msl, PD-19 at 10.60 ft. msl, PD-13 at 18.81 ft. msl, and PD-7 at
7.18 ft. msl. None of these wells had any recordable free-phase product.

ceoomh My 1A
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3.2 Groundwater Gradient I U’j lﬂj
The hydraulic gradient, at the CORCO Facility, has been calculated for three groundwater
flow directions. These flow directions are as follows:

Southeast towards Guayanilla Bay;
Northeast towards Tank Farm Central Area; and
Northwest towards the Tank Farm Central Area.

The hydraulic gradient is defined as the change in static head per unit distance in a given
direction. The hydraulic gradient defines the direction of flow. The hydraulic gradient is
calculated from wells with intermediate water levels (Heath, U.S.G.S. Paper 2220, 1989).

The groundwater gradient as calculated from the groundwater flow direction of southeast
towards Guayanilla Bay utilizes PD-10, PD-11 and PD-2. The up-gradient wells, for the
southeast groundwater flow direction, are PD-10 and PD-11 and the down-gradient well is
PD-2. The level measurements are 2.13, 3.90, and 1.08 ft. msl, respectively. The distance
between PD-10 and PD-2 is 678.73 ft., and the distance between PD-11 and PD-2 is
1,059.86 ft. The change in head between PD-2 and PD-10 is 1.05 ft., and between PD-11
and PD-2 is 2.82 ft. The calculated hydraulic gradient from PD-10 to PD-2 is 1.55 x 107
ft/ft, and from PD-11 to PD-2 is 2.66 x 10 ft/ft.

The average calculated hydraulic gradient, for the southeast groundwater flow direction, is
2.08 x 10° ft/ft.

The groundwater gradient as caiculated from the groundwater flow direction of northeast
towards the Tank Farm Central Area utilizes PD-31, PD-19 and PD-25. The up-gradient
wells, for the southeast groundwater flow direction, are PD-31 and PD-19 and the down-
gradient well is PD-25. The level measurements are 7.09, 10.60, and 3.38 ft. msl,
respectively. The distance between PD-31 and PD-25 is 1,415.80 ft, and the distance
between PD-19 and PD-25 is 724.40 ft. The change in head between PD-31 and PD-25 is
3.71 ft., and between PD-19 and PD-25 is 7.22 ft. The calculated hydraulic gradient from
PD-31 to PD-25 is 2.62 x 10? ft/ft, and from PD-19 to PD-25 is 1.00 x 102 fv/ft.

The average calculated hydraulic gradient, for the northeast groundwater flow direction, is
1.00 x 107 ft/ft.

The groundwater gradient as calculated from the groundwater flow direction of northwest
towards the Tank Farm Central Area utilizes PD-16, PD-28 and PD-27. The up-gradient
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wells, for the southeast groundwater flow direction, are PD-16 and PD-28 and the down-
gradient well is PD-27. The level measurements are 4.70, 4.81, and 3.54 ft. msi,
respectively. The distance between PD-16 and PD-27 is 656.58 ft., and the distance between
PD-28 and PD-27 is 446.82 ft. The change in head between PD-16 and PD-27 is 1.16 ft.,
and between PD-28 and PD-27 is 1.27 ft. The calculated hydraulic gradient from PD-16 to
PD-27 is 1.77 x 102 fu/ft, and from PD-28 to PD-27 is 2.84 x 107 fu/ft.

The average calculated hydraulic gradient, for the northwest groundwater flow direction, is
2.30 x 107 fu/ft.
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3.3 Hydraulic Conductivity b
The hydraulic conductivity is a measure of a materials ability to transmit water.
The hydraulic conductivity (K) is estimated from the particle size distribution using the
Hazen formula:
K= A(dm)2

d,, is equal to the effective grain size, which is that grain size diameter at which 10

percent by weight of the particles are finer and 90 percent are coarser (Freeze and

Cherry, 1979)

A is equal to 1.0 when K is in units of cm/sec and d,, is in mm.

The following is a list of the sample point, depth below ground surface and analytical d,o
results used to estimate the hydraulic conductivity at the CORCO Facility:

Sample Depth d,,
Point (ft. bls) (mm)
PD-10 4547 0.1
PD-14 40-42 0.01
PD-17 4446 N/A
PD-31 105-107 0.1
PD-26 170-172 0.1
PD-29 120-122 0.01_#
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The conversion constant of 2,835 ft/day is used to convert hydraulic conductivity units
reported in ecm/sec to ft/day. The hydraulic conductivity across the CORCO Facility ranges
from 28.35 ft./day to 283.5 ft./day.

3.4 Groundwater Velocity

The groundwater velocity is directly related to hydraulic gradient. The average linear

velocity (v) of the groundwater at the CORCO Facility was calculated using Darcy's Law.
Darcy's Law is as follows:

v=-X2
ne
5
where: I lf,“\ r; E\j
K is the hydraulic conductivity (length/time) boUd

i is the hydraulic gradient (length/length)
n, is the effective porosity

4.0 Extent of Free-Product on Groundwater

The vertical positions of the well screens were based on the physical/chemical characteristics
of a hydrocarbon product. The lengths of the well screens were based on the approved
Phase I: Subsurface Oil Investigation Work Plan (Weston, 1990). The hydrocarbons act as
Light Non-Aqueous Phase Liquids (LNAPL's) that migrate in the capillary zone just above
the water table. The piezometer wells are screened five (5) feet in the capillary fringe and
fifteen (15) feet into the water table. This configuration should allow detection of the free-
product during periods of minimum and maximum elevations of the water table.

The Well Development Program for the Phase I: Subsurface Oil Investigation start date was
on September 9, 1994 with completion on September 24, 1994. The developed piezometers
were allowed to equilibrate seventy two (72) hours prior to level measurements. The thirty-
two (32) piezometers, eight (8) Site Assessment monitor wells, and six (6) M.L.S. Area
monitoring wells were then measured using an Oil/Water Interface Probe. The level
measurements were conducted on September 27, 1994 between the hours of 8:15 AM and
12:27 PM. Two crews were utilized to collect the level measurements between periods of
possible tidal influence.

Thirty-two (32) piezometers were installed at the CORCO Facility during the Phase I:
Subsurface Qil Investigation. The piezometers that had indications, during installation, of
free-product are listed below:
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PD-4, PD-9, PD-10, PD-11, PD-12, PD-14, PD-15, PD-16, PD-17, PD-18, PD-20,
PD-23, PD-25, PD-26, PD-27, PD-28, PD-29, PD-30, PD-31 and PD-32.

The Qil/Water Interface probe was utilized to validate the presence of free-product within the
piezometers listed above. Concurrent with the piezometer level analysis, the Oil/Water
Interface Probe was utilized to validate the presence of Free-Phase and/or liquid level at the
six (6) monitoring wells at the M.1.S. Area and the eight (8) Site Assessment monitor wells.

During the field level measurements the following piezometers that had prior indications of
free-phase product during instaliation did not have any free-phase product as measured, on
September 27, 1994, with an oil/water interface probe: PD-12, PD-29, PD-30, and PD-31

(refer to Table 4, Level Measurements).

The estimation of free-product at the CORCO Facility has been derived from field
measurements collected by field personnel. The field measurements were collected using
oil/interface probes. The field measurements were collected on the morning of September
27, 1994. The measurements were collected within a five (5) hour period so that tidal
influences would not impact the data.

The free-phase product level measurements data was reduced and plotted as a product
isopach. The data reduction is the measurement from TOC to the product level minus the
measurement from TOC to static water level. The measured product levels were then plotted
as an isopach. The isopach indicates that there are five (5) areas of free-phase product at the
CORCO Facility. These areas of Free-phase product are designated as: the MIS Area, the
Tank Farm West Area, the Facility South Area, the Tank Farm Central Area, and the
Process Area (refer to Figure 5, Product Isopach 09/27/94).
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4.1  Extent of Groundwater Impact Lo

The extent of the groundwater impact from free-phase product is estimated from the amount
of product measured in the monitoring wells and piezometer wells at the CORCO Facility on
September 27, 1994. The level measurements were collected following a rainfall of
approximately three (3) inches after a substantial period of drought. The
infiltration/precipitation at the site may have distorted the in-situ product levels during this
level measurement program. The free-phase product and static water levels will be
confirmed in the next level measurement.

The field level measurements were collected on the morning of September 27, 1994. The
measurements were collected within a five (5) hour period so that tidal influences would not
impact the data.

The MIS Area field level measurements were collected between the period of 10:40 AM and
11:27 AM. The Phase I: Subsurface Oil Investigation piezometers field level measurements
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were collected between the period of 8:15 AM and 11:38 AM. The Eastern Lagoon field
monitoring wells level measurements were collected between the period of 12:15 AM and
12:25 AM. The Western Lagoon monitoring wells field level measurements were collected
between the period of 11:49 AM and 12:15 AM on September 27, 1994.

The MIS Area monitoring wells showed free-phase product levels ranging from non-detect to
10.20 feet. The largest layer of free-phase was detected in monitoring well MW-05, with
10.20 feet. MW-01 and MW-02 did not show any free-phase product. Monitoring welils
MW-03, MW-04, and MW-06 exhibited free-phase levels of 8.63 ft., 6.96 ft., and 7.98 ft.,
respectively.

The Tank Farm West Area had free-phase product levels that ranged from non-detect to
10.23 ft. Piezometer PD-11 had the greatest amount of product at a thickness of 10.32 ft.
Piezometer wells PD-30, PD-31, PD-24, PD-12, PD-3, PD-2 and PD-1 did not contain any
free-phase product as measured by the oil/water interface probe. Monitoring well WL-1
contained 0.62 ft. of free-phase. The piezometer wells PD-9 and PD-23 had 9.71 ft. and
9.35 ft., respectively. Piezometer PD-10 had 10.23 ft. of product.

The Facility South Area had only one piezometer that showed free-phase product. This
piezometer was PD-4 with 12.06 ft. of product.

The Tank Farm Central Area piezometer wells showed free-phase product levels ranging
from non-detect to 10.15 feet. The largest layer of free-phase was detected in piezometer
PD-26, with 10.15 feet. Piezometer wells PD-19, PD-24, PD-12, PD-13, PD-3, and PD-21
did not contain any free-phase product as measured by the oil/water interface probe.
Piezometer wells PD-20, PD-25, and PD-32 showed free-phase product levels of 8.34 ft.,
9.20 ft., and 9.92 ft., respectively.

The Process Area piezometers had free-phase product levels that ranged from non-detect to
a high of 9.13 ft. of product. The high was measured in PD-27. Piezometer wells PD-19
and PD-22 did not show any free-phase as measured by the oil/water interface probe. The
piezometers PD-14, PD-17, and PD-18 had free-phase levels of 0.65 ft., 3.47 ft., and 3.59
ft., respectively. The piezometers PD-15, PD-16, and PD-28 showed product levels of 9.08
ft., 7.60 ft., and 7.96 ft., respectively.
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4.2  Product Characterization SR
The product at the CORCO Facility has been characterized by analyzing material collected
during the Phase I: Subsurface Oil Investigation. The collected product was submitted to and
analyzed by the Puerto Rico Oil Laboratory (PROLAB) at the CORCO Facility. The
analyses preformed, by PROLAB, on the product was: IBP Distillation, Reid Vapor Pressure
(R.V.P.), A.P.1. Gravity, Sulphur Weight %, Aromatics Volume %, Benzene Weight %,
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and Heating Value Gross in BTU/Lb. The analyses, conducted by PROLAB, indicates the
product is mixture of Solvents - Gasoline - Heavy Gas Oil - Lubricating Oil.

The product was collected during the Phase I: Subsurface Qil Investigation soil boring and
piezometer installation. When a free-phase product was encountered during the drilling of
the soil borings, it was always at the water table. Various volumes of product would be
pulled up-hole while removing the drill stem from the augers. The product ranged from
"gasoline” to a "muddy slush" type material. The product was collected in a five gallon
bucket, strained and immediately placed in a one liter glass sample bottle. The free-phase
product sample was then delivered to PROLAB. The time period from product collection to
deliver to the laboratory was less than twenty minutes (< 20 min.).

The analyses preformed, by PROLAB, on the product was: IBP Distillation, Reid Vapor
Pressure (R.V.P.), A.P.I. Gravity, Sulphur Weight %, Aromatics Volume %, Benzene
Weight %, and Heating Value Gross in BTU/Lb. The PROLAB results are as follows: the
IBP Distillation Curve ranges from 100 to 310; the R.V.P. Reid Vapor Pressure ranges
from a low of 0.0 to 9.7 (Lb./sq. in.); the A.P.I. Gravity had, at 60° F, ranges from 32.7 to
71.6 oAPI; the Sulphur weight, measured as a percent volume, ranged from 0.001 to 0.33
% the Aromatics volume, measured as a percent volume, ranged from 15.6 to 82.1 %; the
Benzene weight, measured as a percent volume, ranged from 2.10 to 34.70 %; and the
Heating Value Gross was analyzed for two samples, the results were approximately 19,8000
BTU/Lb. The PROLAB results are tabled in Table 6, Product Characterization.

The PROLAB analyses indicate the free-phase product is a mixture of crude petroleum
fractions. The product mixture ranges from the light gas fractions to heavier lubricating oils,
depending on the sample location. The IBP Distillations show that the majority of the
product sampled is a blend of diesel and gasoline. The sample collected from boring PD-4
contained the heavier crude fractions, and therefore indicates a different source area.

AT L S
.- : h \ {
|

oo A
4.3  Product Mass-Balance i 1§ U

The Product Mass-Balance for the CORCO Facility is an approximation. The product mass-
balance is derived from one (1) level measurement event. This event followed a period of
substantial rainfall at the site. The mass-balance will be "fine tuned” following the next level
measurement collected at the facility.

The MIS Area has a square footage of 263,034 ft.>. The Tank Farm West Area has a square
footage of 422,727 ft.2. The Facility South Area has a square footage of 119,086 ft.>. The
Tank Farm Central Area has a square footage of 595,227 ft.>. The Process Area has a
square footage of 1,189,887 ft.2. This is a total square footage of 2,562,961 ft> that has free-
phase product at the CORCO Facility.
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The total area was determined between the contour intervals for each free-product plume at
the facility. These intra-plume areas were multiplied by the average thickness of the product
within each contour interval. This resulted in a volume, measured in cubic feet, for each
contour interval for each of the five areas of free-phase product at the CORCO Facility.

The product volume as calculated in cubic feet, within the five areas of free-phase product,
was further reduced to give a volume in barrels of free-phase product. This calculation was
performed using the constants of: 7.4805 gallons per cubic foot (7.4805 gal./ft’) and forty
two gallons per barrel (42 gal./barrel). This series of calculations resulted in approximate
volumes of free-phase product in the five areas of free-phase product at the facility. The
inter-contour volume results were produced in this calculation.

The volume of free-phase product, in the five areas, at the CORCO Facility is as follows:

The MIS Area contained 83,551 barrels of free-phase product;

The Tank Farm West Area contained 311,694 barrels of free-phase product;

The Facility South Area contained 26,481 barrels of free-phase product;

The Tank Farm Central Area contained 379,865 barrels of free-phase product; and
The Process Area contained 577,759 barrels of free-phase product.

The calculations and the results of the product mass-balance are shown in Table 5, In-Situ
Qil Mass-Balance. The table shows the inter-contour area and the inter-contour volumes in
gallons and barrels. The total volume of free-phase product, at the CORCO Facility, is
1,379,351 barrels of product.

5.0 Waste Management and Disposition

The drummed drill cuttings and decontamination wastes generated during the Phase I:
Subsurface Oil Investigation are being stored on-site in an environmentaily safe manor until
proper disposal. CORCO will collect representative samples from the stock-piled waste soils
and waters and analyze for selected volatile, semi-volatile and metals. The resuits of the
analyses will be used to select an appropriate disposal option. The generated wastes are
being stored on-site in labeled containers. The label is written in permanent metal marker
and has the name of the generator and description of the contents of the waste generated.

“,/J | . U-

o
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TABLE 1

FREE-PRODUCT THICKNESS IN THE
MIS AREA MONITORING WELLS
MEASURED MARCH, 1994
CORCO FACILITY, PONCE P.R.

—————

e | S
MW-01 ND
MW-02 ND
MW-03 | 930
MW-04 6.74
MW-05 7.69
MW-06 | 8.54




TABLE 2

Collected Soil Samples
Phase I: Subsurface Qil Investigation
CORCO Facility, Ponce P.R.

3 10-12 | 10-12 10-12 10-12 10-12 16-12 10412 t0-12 10-12 10-12 10-12 10-12 19-12 10-12 10-12 10-12 10-12 10-12 10-12 10-12 1042 10-12 1012 10-12 10-12
1 15.17 15-17 517 1517 1517 15-17 1517 1517 1517 ) 1517
3 022 | 20-2 7022 20-22 0-22 2022 022 10-12 %] 20-22 20-22 7022 20-22 70-22 20-22 70-22 70-22 70-22 20-22 70-22 70.22 7022 20-22

s T6-18 35-27 25-27 537 3537 T5-27 2527 25-27 2527 75-27 75-27
T 3032 | 032 7032 7715 7416 30-32 3032 J0-32 3032 3032 3032 30-32 30033 032 3032 30-32 30-32 30-32 3032 36032 30-32 30-32 3032 30-32
3 70-22 3537 3537 2931 3537 3537 1537 3537 3537 35-37 3517 3537 3537
3 042 14-36 3042 FrwT) 3042 w022 30-42 3042 3047 7042 0-32 042

i1 3941 39-41 33-35% 36-38 3941 3941 4547 4547 4547 4547
T 50-52 1537 3143 6-52 YWy 30-52 5052 To.52 50-52 50-52 3052 50-52 30-52 3052 0-52 S0.52
1z 55.57 1 3042 1557 35-57 35.57 5557

i3 6062 | 457 3547 3092 5062 5062 6063 t0-62 50-62 5062 50-67 5057 5062 5062 50-62
4 65-67 65-67 65-67 6567 6567

15 [ 7072 70-72 T0-72 70-72 70-72 70-72 T0-72 T0-72
m 56-68 75-77 7577 7577 7377 7577 7577 75-77

7 50-32 §0-82 30-52 50-82 30-82 80-82 R0-52 30-82

T %5.87 8557 85-87 85-87 8587 55-37 85.87 3537 85-87
1 90-02 0-92 5092 90-92 90-92 50-92 50-92 90-92 50-93

7] L 9597 9597 93.97 35.97 9597 3597
21 e 100102 T00-102 100-102 100-102 100102 100-102 100-102

1z e R 103- 07 105-107 105-167 105-107 105-107 105107
3 ¢ ‘ T10-112 TIo-112 o112 TIo-112 Tie-112

4 - 15117 15117

5 I 120122 120-122 120-122 126-122
T3 - ’ 125127 125137 12527

27 L 130-132 130-§32 130132 130-132 130-132
8 - 135-137 135-137

™ o FTNFTINE TPV R FTWE) T30-132
30 145147

ET] 150-152 150-152
32 155-157 155157 155.157
EE) T60-162 160-162
34 T65-167

3% B 170-172 170172
¥ T75-177

37

] T85-187




TABLE 3

Piezometer Installation Dates, Depth, and Indications of Product

PIEZOMETER No. Indication of
Product
5/12/94 PD-8 257 bls
516/94 PD-7 25" bls
5/1794 - PD-6 257 bls
5117/94 PD-5 257 bls
5/18/94 PD-4 25 bls Free-Phase
5/20/94 PD-3 257 bls
5120/94 PD-2 257 bls
5/24/94 PD-1 25° bls
5/25/94 PD-9 717 bls Free-Phase
5/26/94 PD-10 48" bls Free-Phase I
527194 PD-11 537 bis Free-Phase
6/1/94 PD-12 427 bls Free-Phase
6/2/94 PD-13 287 bls
6/2194 PD-14 43 bls Free-Phase
6/3 - 6/7/94 PD-16 527 bls Free-Phase
6/8/94 PD-15 45" bls Free-Phase
6/8 - 6/9/94 PrPD-17 45" bls Free-Phase
6/9 - 6/10/94 - PD-18 457 bls Free-Phase
6/13 - 6/17/94 PD-30 107" bls Free-Phase
6/20 - 6/22/94 PD-23 104 bis Free-Phase
6/22 - 6/24/94 PD-19 [05° bls
6/22 - 6/24 PD-3t 117 bls Free-Phase
6/24 - 6/29/94 PD-24 1477 bls
627 - 717194 PD-32 1757 bls Free-Phase
6/29 - T/1/94 PD-20 105° bls Free-Phase
715 - 1/8/94 PD-25 160" bls Free-Phase
/8 - 7112194 PD-26 180" bls Free-Phase
719 - 14194 PD-21 1407 bl_s
714 - 7/15/94 PD-28 1007 bls Free-Phase
7119 - 7/19/94 ) PD-29 135" bls Free-Phase
7/9 - 7/21/94 PD-27 135" bls Free-Phase
19 - 722194 PD-22 190" bls

" hls (feet below-land-surface)
<
G

-

oo ()



TABLE 4

LIQUID LEVEL MEASUREMENTS

Phase I: Subsurface Qil Investigation
Commonwealth Qil Refining Company
Penuelas, Puerto Rico

DR AET

WELL Date asing Depth to DepthT PSH Corrected
No. Sampled Elevation PSH Water Thickness Water Level
(feet)’ (feet) (feet) (feet) (feet)’
MW-01 ND _—TW)__———
09/27/94 NA NA 0.00
MW-02 ND 0.00
09/27/94 ND 177.39 0.00
MW-03 ND 0.00
09/27/94 169.42 178.05 8.63
MW-04 ND 0.00
09/27/94 166.96 173.92 6.96
MW-05 ND 0.00
09/27/94 162.52 172.72 10.20
MW-06 ND 0.00
09/27/94 165.58 173.56 7.98
EL-1 15.29 ND 9.88 0.00 5.41
09/27/94 ND 10.07 0.00 5.22
EL-2 17.28 ND 16.34 0.00 0.94
09/27/94 ND 16.26 0.00 1.02
EL-3 10.10 ND 935 0.00 0.75
09/27/94 ND 9.21 0.00 0.89
EL-4 10.79 ND 10.75 0.00 0.04
09/27/94 ND 11.61 0.00 -0.82
WL-1 8.03 ND 8.80 0.00 -0.77
09/27/94 8.84 9.46 0.62 -0.87
WL-2 10.28 ND 9.64 0.00 0.64
09/27/94 ND 9.37 0.00 0.91
WL-3 8.22 ND 6.93 0.00 1.29
09/27/94 ND 6.71 0.00 1.51
WL-4 7.29 ND 5.40 0.00 1.89
09/27/94 ND 5.19 0.00 2.10




TABLE 4 (Continued)
Liquid Level Measurements

(1) Referenced to mean sea level. Benchmark Located at CORCO Facility.

(2) Product specific gravity of 0.90 was used to calculate corrected ground water elevation.

WELL Date Casing | Depthto | Depth to PSH Corrected
No. Sampled Elevation PSH Water Thickness Water Level
(feet)' (feet) (feet) (feet) (feet)?
PD-1 09/27/94 7.51 ND 5.36 0.00 2.15
PD-2 09/27/94 11.71 ND 9.91 0.00 1.80
PD-3 09/27/94 10.40 ND 7.94 0.00 2.46
PD-4 09/27/94 11.35 7.03 19.09 12.06 3.12
PD-5 09/27/94 8.86 ND 5.63 0.00 3.23
PD-6 09/27/94 11.25 ND 5.21 0.00 6.04
PD-7 09/27/94 12.83 ND 5.65 0.00 7.18
PD-3 09/27/94 14.47 ND 9.18 0.00 5.29
PD-9 09/27/94 56.76 52.39 62.10 9.71 3.40
PD-10 09/27/94 39.86 34.94 45.17 10.23 3.90
PD-11 09/27/94 34.29 31.12 41.44 10.32 2.13
PD-12 09/27/94 32.74 ND 27.40 0.00 5.34
PD-13 09/27/94 33.53 ND 14.72 0.00 18.81
PD-14 (9/27/94 35.27 29.99 30.64 0.65 5.22
PD-15 09/27/94 3452 28.22 37.30 9.08 5.39
PD-16 09/27/94 40.68 35.22 42.82 7.60 4.70
PD-17 09/27/94 35.83 30.22 33.69 3.47 5.26
PD-18 09/27/94 39.04 33.26 36.85 3.59 5.42
PD-19 09/27/94 93.67 ND 83.07 0.00 10.60
PD-20 09/27/94 81.30 85.77 77.43 8.34 3.04
PD-21 09/27/94 98.30 ND 96.59 0.00 1.71
PD-22 09/27/94 168.25 ND 162.32 0.00 5.93
PD-23 09/27/94 93.38 85.59 94.94 9.35 6.85
PD-24 09/27/94 103.29 ND 101.35 0.00 1.94
PD-25 09/27/94 143.81 139.51 148.71 9.20 3.38
PD-26 09/27/94 163.43 159.12 169.27 10.15 3.29
PD-27 09/27/94 129.11 124.65 133.78 9.13 3.54
PD-28 09/27/94 83.70 78.09 86.05 7.96 4.81
PD-29 09/27/94 112.57 ND 109.57 0.00 3.00
PD-30 09/27/94 83.57 ND 81.10 0.00 2.47
PD-31 09/27/94 122.94 ND 115.85 0.00 7.09
PD-32 09/27/94 158.44 154.15 164.07 9.92 3.30
NOTE: ND = NON-DETECTED (NO IMMISCIBLE LAYER MEASURED)

"ORET




TABLE 5

IN-SITU OIL MASS-BALANCE
COMMONWEALTH OIL REFINING COMPANY

Penuelas, PUERTO RICO
M.I.S. Area
Contour Perimeter Araa Average Volume Approximate | Approximate
Area (sg. £t.) Depth {cu. ft.} Galleonsa barrels
0 437,015 236,034 2.5 550,085 1,324,239 31,530
5 200, 981 178,449 7.5 1,338,368 3,003,497 71,512
10 22,532 22,532 10 225,320 505,652 12,039

TOTAL

Tank Farm West Area

83,551

Contour | Perimeter Area Average Volume Approximate | Approximate
Area (sq. £t.) Depth (cu. ft.) Gallons barrels

0 1,114,134 422,727 2.5 1,056,818 2,371,657 56,468

5 691,407 364,029 7.5 2,730,218 6,127,018 145,881

10 327,378 310,324 10 3,103,240 6,964,136 165,813

TOTAL 311,694

Tank Farm Central Area

Facility South Area
Contour Perimeter Area Average Volume Approx. Approximate
Area (sg. ft.) Depth (cu. £t.) Gal. barrels
[} 181,321 119,086 2.5 287,715 668,117 15,508
S 62,235 50,699 7.5 380,243 853,321 20,317
10 11,536 311,536 10 115,360 258,885 6,164
TOTAL 26,481

Contour | Perimeter Area Average Volume Approximate | Approximate
Area (aq. ft.) Depth {(cu. £t.) Gallons barrels

0 1,465,361 595,227 2.5 1,488,068 3,339,447 79,511

5 870,134 636,818 7.5 4,776,135 10,718,363 255,199

10 233,316 233,316 10 2,333,160 5,235,961 124,666

TOTAL 379,865

Process Area T |

Contour Parimetaer Area Average Volume Approximate { Approximate
Araa (sg. £t.) Depth (cu. ft.)} Gallona barrels

0 2,269,499 1,185,887 2.5 2,974,718 6,675,712 158, 946

5 1,079,612 1,045,098 7.5 7,838,235 | 17,590,175 418,814

577.759

TOTAL

TOTAL APPROXIMATE VOLUME (Barxalsg)

R RE
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L. EXECUTIVE SUMMARY

This report has been prepared for Commonwealth Oil Refining Company (CORCO
Facility) by DSM Environmental Services, Inc. (DSM) for the Phase I: Subsurface Qil
Investigation at the CORCO Petrochemical Complex, Penuelas, Puerto Rico. The
Environmental Protection Agency Solid Waste Registration Number for the CORCO
Penuelas, Puerto Rico Facility is EPA SW ID# PRD-091017228.

The Phase I: Subsurface Oil Investigation stems from the 1990 Settlement Agreement
between the U.S. EPA and Commonwealth Oil Refining Company. The purpose for the
location and placement of soil boring/piezometer wells was to develop a Facility wide
information data base to determine the presence of free-phase product.

The Phase [ investigation involved drilling thirty-two (32) soil borings fifteen feet into
the uppermost aquifer at the site, the installation of thirty-two (32) piezometers and fluid
level measurements at the CORCO Facility. Soil samples were collected and submitted
to Analytical Laboratory for geotechnical characterization. Free-phase product samples
were collected and submitted to a Petroleum Oil Laboratory for product characterization.

This report presents findings from the Soil Boring Program, Fluid Level Measurement
Program, descriptions of approaches and procedures utilized in the performance of the
subject soil sampling, and groundwater and product characterization at the CORCO
Facility.

The boring locations of the Phase 1. Subsurface Qil Investigation were based on the site
specific lithology as determined by previous subsurface investigations conducted at the
CORCO Facility. Previous investigations in these areas were conducted by Versar, Inc.
(1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994). The two
formations investigated are:

Quaternary Alluvial Deposits
Tertiary Ponce Limestone

The Phase I: Subsurface Oil Investigation was initiated in May 1994 to determine the
presence and volume of free-phase product at the CORCO Facility. Free-phase product
was indicated at a number of wells during the installation of the thirty-two piezometers.

The Tertiary Ponce Limestone deposits are located in the upland regions, at the CORCO
Facility, north of Route 127. The Phase I investigation advanced twenty-six (26)
piezometer soil borings in the Ponce Limestone deposits to a maximum depth of one
hundred and ninety feet below-land-surface (190 ft. bls). The elevation range, for the
soil borings, was from 29.56 to 164.25 feet above mean sea level (ft. msl).
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approximately one foot. The road is the main route for heavy equipment and traffic in
and through the Petrochemical Complex. The presence of this roadway is significant as
it appears to impact the geohydrology at the CORCO Facility by causing the
potentiometric surface to form a mound at the interface between the Ponce Limestone and
the Alluvial Deposits.

The dip, of the Ponce bedding plains, also influences the migration pathways at and to
the water table. The 18 to 22¢0 dip of the Ponce Limestone effects the horizontal
pathways at the water table. This feature was evidenced at PD-17, PD-18, and PD-25.
Small cavities of a soft "calcite gel” four to seven feet in height were encountered at the
water table. These cavities are not regarded as phreatic caves because: 1) they were
filled with a "calcite gel"; 2) they were only evidenced at PD-17, PD-18 and PD-25; and
3) "heaving sands" are predominant through out the Ponce Limestone.

The cavities found at PD-17 and PD-18 are similar in that they exhibit a four to four and
a half foot height, "heaving sands" and required twenty-five sacks of gravel to filter pack
the piezometer screen. This may be a single area of very soft "calcite gel*. The cavities
are most likely a localized solution mechanism of recharge and discharge, but may
possibly be a chemical mechanism as these piezometers are confirmed to contained free-
phase product.

The Quarternary Alluvial Deposits are located in the low lying regions, at the CORCO
Facility, south of Route 127. The Phase I investigation advanced eight (8) piezometer
soil borings in the alluvial deposits to a maximum depth of thirty (30) feet below-land-
surface. The elevation range, for the soil borings, was from 4.69 to 11.84 feet above
msl.

The soil borings drilled in the Alluvial deposits encountered three depositional zones of
lithology. The first zone is varying grades of silty clay to silty clayey gravel. This zone
appears to be fill material. The fill material originates from the Ponce Limestone and
most likely was deposited during construction of the CORCO Tank Farm. The second
zone shows facies of diverse compositions of peat to organic silty clays. The third zone
shows facies of clay, silt and sands with some gravels.

The aquifer system in both the Quaternary Alluvial Deposits and the Tertiary Ponce
Limestone is evidenced to be acting under water table conditions. The aquifer system
was consistently encountered at or near mean sea level. The potentiometric surface
generally shows a flat gradient flowing southward towards the Guayanilla and Tallaboa
Bays.

The potentiometric surface indicates a complex flow pattern at the CORCO Facility.
Three directions of flow are evidenced in the Ponce aquifer. The regional flow is south
towards the Guayanilla and Tallaboa Bays. The local groundwater gradient in the
hydraulic ridge flows from the west to the northeast towards the Tank Farm Central
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The twenty-six (26) soil borings drilled in the Ponce Limestone are located north of
Route 127. The boring locations are on an east-west trend. The lowest string of soil
borings, PD-9 through PD-18, are located south of the process areas. The second string
of soil borings are located on the roadway north of the process areas. The third string
of soil borings is located south of the MIS Area.

Most of the Ponce Limestone is a yellowish-white chalky limestone. The Ponce
Limestone formation often shows good bedding, close packing and good orientation of
allochems. The Ponce Limestone is generally massive, but includes some thin dense
strata and clay facies and in locations is highly fossiliferous. The compositional
diversity, of the Ponce Limestone, ranges from sparry calcite to microcrystalline calcite.
The calcite grain size ranged from fine to very coarse (0.03 mm to 2.0 mm) in all Phase
I soil borings drilled in the Ponce Limestone.

The dip of the Ponce Limestone and weathering effects have resulted in a relatively
horizontal water table that cuts across the bedding plains. The water table in the Ponce
Limestone was generally encountered at two to five feet above mean sea level. The
formation often showed "heaving sands" at or just below the point of saturation.

It was evidenced during the investigation, that there are natural structural features of the
Ponce Limestone that influence the potentiometric surface at the CORCO Facility. These
structures are: 1) a perched aquifer at PD-13; 2) a northwest to southeast trending
hydraulic ridge; 3) a mounding effect at the interface of the Ponce Limestone and the
Alluvial Deposits; and 4) three small cavities.

The Ponce Limestone aquifer was consistently encountered near sea level, except at PD-
13. The soil boring PD-13 lithology is typical of the Ponce Limestone, but the saturated
zone is an anomaly compared to all other borings in the Ponce Limestone. The saturated
zone was encountered at thirteen feet below land surface in PD-13. This saturated zone,
at PD-13, is a "perched aquifer” above the normal water table surface. The
potentiometric level measurements collected on September 27, 1994, also indicate PD-13
as an outlier. The recharge source for PD-13 has not been identified at this point in
time.

A large hydraulic ridge trending northwest to southeast is present at the CORCO Facility.
The hydraulic ridge extends from PD-31 to PD-7. The data from piezometer well PD-13
was utilized in constructing the potentiometric surface even though the piezometer is
screened in a perched aquifer. None of the wells in the hydraulic ridge had any
recordable free-phase product.

The road, Route 127, bisects the CORCO Facility on an east to west bearing. The
roadway is built on/at the interface between the Ponce Limestone and Alluvial Deposits.
Route 127 is built on the Alluvial flats and follows the contour of the Ponce Limestone
hill-sides. The road base has been raised above the surrounding jand surface
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Area. The local gradient in the Process Area flows from east to northwest direction
towards the Tank Farm Central Area. The average gradient in the water table is 2.30
x 102 ft./ft.

The Ponce aquifer gradient in the Process Area flows may be due to mounding at the
interface between the Ponce Limestone and the Alluvial formation. The road base of
Route 127 may also be acting as an aquitard in the upper reaches of the water table at
the CORCO Facility.

The presence of free-phase product was indicated at a number of wells during drilling
the soil borings. The piezometer wells were completed, developed and measured to
confirm the presence of free-phase product. The Phase I piezometer wells, MIS Area
monitoring wells and the RCRA monitoring wells were measured for static water levels
and free-phase product levels on September 27, 1994. The product volume was
calculated for five areas of free-phase product at the CORCO Facility. The estimated
volume of free-phase product, in the five areas, at the Facility are as follows:

The MIS Area contains 83,551 barrels of free-phase product;

The Tank Farm West Area contains 311,694 barrels of free-phase product;
The Facility South Area contains 26,481 barrels of free-phase product;

The Tank Farm Central Area contains 379,865 barrels of free-phase product; and
The Process Area contains 577,759 barrels of free-phase product.

The total estimated volume of free-phase product, at the CORCO Facility, is 1,379,351
barrels of free-phase product.

The product at the CORCO Facility has been characterized by analyzing material
collected during the Phase I: Subsurface Oil Investigation soil boring program. The
collected product was submitted to and analyzed by the Puerto Rico Oil Laboratory
(PROLAB) at the CORCO Facility. The PROLAB analyses indicate the free-phase
product is a mixture of crude petroleum fractions. The product mixture ranges from the
light gas fractions to heavier lubricating oils, depending on the sample location. The IBP
Distillaions show that the majority of the product sampled is a blend of diesel and
gasoline. The sample collected from boring PD-4 contained the heavier crude fractions,
and therefore indicates a different source area.

CORCO recommends the generation and implementation of a Phase II: Subsurface Oil
Recovery Workplan for the Commonwealth Qil Refining Company Facility at Penuelas,
Puerto Rico. The proposed workplan will detail the locations for Oil Recovery Systems,
Recovery Systems Design, and Recovery Wells design. The Subsurface Oil Recovery
Workplan will include engineered specifications for product pump rate, percent product
volume reduction calculations, and time required for product volume reduction.
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DSM Project No, 1012-01-01 Page 14



The intent of the Phase II: Subsurface Oil Recovery Workplan is to optimize the recovery
of the free-phase product at the CORCO Facility. CORCO believes that properly
engineered product recovery systems will remove a greater percent of product in a
shorter time period. This will reduce the potential impact to human health and further
impact to the environment.

CORCO recommends that hydraulic parameters of the Ponce Limestone water table be
modeled following an additional static level measurement of the thirty-two (32) Phase 1
piezometers, six (6) MIS monitor wells, and eight (8) RCRA monitoring wells. The
groundwater modeling will focus on flow pathways and theoretical particle tracking
methods.

CORCO recommends the recovery of all recoverable free-phase product at the facility
in the least amount of time required for efficient recovery of the product. CORCO is
presently installing a free-phase product recovery pump system at the MIS Area for
product recovery. This system is expected to go on-line in early November 1994.
CORCO believes the collected data from the MIS Area recovery operations should be
employed to optimize recovery of product from all other areas containing product at the
facility.

The collected MIS Area recovery data will be useful in the design and installation of
additional recovery systems for the Ponce Limestone aquifer. CORCO feels that the
usage of a numeric computer modeling will augment the present knowledge of the aquifer
system at the facility. The modeling procedures will also allow engineering recovery of
product in the shortest time frame.

CORCO proposes to use the pump and treat process as it is one of the most common free
product recovery technologies used at sites to both contain and recover a free-phase
product. The free product pumping technique will involve the manipulation and
management of groundwater to remove the free-phase product plume and to adjust
groundwater levels to prevent the migration of the free-phase product plume.

CORCO Phase I: Subsurface Qil Investigation November 7, 1994
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1.0 INTRODUCTION

This report was prepared by DSM Environmental Services, Inc. for the Commonwealth
Oil Refining Company Refinery/Terminal Facility (EPA SW ID# PRD-091017228),
located at the Petrochemical Complex, Penuelas, Puerto Rico (United States of America
Commonwealth). B

The subsurface investigative work conducted at the site is in compliance with the 1990
Agreement between CORCO and the Environmental Protection Agency (U.S. EPA)
Region II. A request from the U.S. EPA, Region II on January 28, 1994 initiated the
Phase I: Subsurface Qil Investigation Work Plan (Weston 1990).

In order to characterize conditions at the site, several stages of field activity, laboratory
analysis and data evaluation were initiated during the Phase I: Subsurface Oil
Investigation. This report presents the data collected in the performance of: soil
boring/soil sampling, piezometer well installation, oil sampling, and liquid level
measurement programs.

The overall objectives of the on-going Phase I: Subsurface Oil Investigation are:

to perform field investigation and laboratory tests to ascertain the physical
surface and subsurface features;

to determine the possible presence of free-phase hydrocarbons within the
soils and uppermost aquifer and, if found, to evaluate the magnitude and
extent thereof’;

to identify and evaluate the factors controlling the transport of
hydrocarbons; and

to identify the appropriate general post-assessment response measures for
the site.

Earlier site assessment work discovered the existence of free-phase product on the water
table within the fractured matrix of the Ponce Limestone. A previous investigation
within the northwest portion of the facility, conducted by Roy F. Weston, Inc. (1989),
encountered free-phase product during an Environmental Impact Statement investigation.
The study was conducted at the proposed Modular Incineration Systems, Inc. site MIS)
Area, which is located due north of Tank 965 and Tank 956.

As part of the Environmental Impact Statement prepared for the proposed MIS Facility,
six (6) bedrock monitoring wells were installed. During the drilling of these wells,
hydrocarbon stained soils and odors were reported. A strong hydrocarbon odor with
black or brown free-phase product floating on the water was noted in the monitor well
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MW-03, MW-04, MW-05, and MW-06. No hydrocarbon odor or product was reported
in MW-1 or MW-2.

The free-phase product was noted at the approximate location of the water table. The
presence of free-phase product was confinmed and reported to the appropriate regulatory
agency. US EPA correspondence of January 28, 1994 requested the recovery of
confirmed product at the MIS Area monitoring wells.

The Phase I: Subsurface Oil Investigation was initiated in May 1994 to determine the
presence and volume of free-phase product at the CORCO Facility. The Phase I
investigation involved the drilling and instaillation of thirty-two piezometers at the facility.
The presence of free-phase product was indicated at a number of wells during the drilling
of the soil borings. The piezometer wells were completed, developed and measured to
confirm the presence of free-phase product.

1.1 Report Owt-Line

The Phase I: Subsurface Oil Investigation Report is organized to consolidate regional and
local geo-hydraulic characteristics together in a single document. The report out-line and
a brief summery of the section contents is as follows:

Section 2.0 - Site Description and Abatement measures

The CORCO Facility has been reviewed as to the location of all petrochemical units and
companies in the lower Tallaboa Valley. The current and historic operating status of the
units is briefly addressed. The method and discovery of free-phase product at the
CORCO Facility is examined. The status of current abatement measures at the MIS Area
are reported.

Section 3.0 - Site Characterization

The regional physiography at the CORCO Facility is addressed. The regional geology
and hydrology is reviewed referencing published USGS Reports. The potential receptors
from subsurface pathways are reviewed using findings from previous assessments and
current data.

Section - 4.0 Soil Assessment

This section addresses the soil boring methodologies and site specific findings of the
Phase I: Subsurface Oil Investigation soil boring program. The section is a
environmental geologic study of the CORCO Facility based on recommended procedures
and reporting methods from the RCRA Ground-Water Draft Technical Guidance
Document (U.S. EPA, 1992).
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Section - 5.0 Groundwater Assessment

The groundwater assessment section addresses the field investigation methodologies and
the site specific geohydrology findings at the CORCO Facility. The section is a
environmental geohydraulic study of the CORCO Facility based on recommended
procedures and reporting methods from the RCRA Ground-Water Draft Technical
Guidance Document (U.S. EPA, 1992) and the Draft Technical Enforcement Guidance
Document (U.S. EPA, 1992).

Conclusions and Recommendations
The conclusions summarizes the geohydraulic findings and estimated product volume at

the CORCO Facility. The recommendations are based on the current site specific data.
These recommendations may have to be modified as additional data is collected.
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2.0 SITE DESCRIPTION AND ABATEMENT MEASURES

The on-going subsurface investigatory activities are generating data that will be used in
the evaluation of remedial alternatives as part of on-going corrective measures at the site.
The Phase I: Subsurface Oil Investigation activities generated data necessary for the
location, design, and feasibility of appropriate oil recovery systems. The on-going
investigative activities will define the field activities required for final design parameters
for oil recovery at the site.

2.1  Site Description

The CORCO Refinery/Terminal is located in the south-central coast of Puerto Rico (see
Figure 1, Site Location Map). Further definition of the site location is as follows:

The property consists of a hydrocarbon products storage facility and
terminal which occupies approximately eight hundred acres of land
straddling the boundary between Municipio de Guayanilla to the west and
Municipio de Penuelas to the east. The facility has a topographic relief
of approximately 280 feet. One-third of the facility is situated in the
Lower Tallaboa Valley, which has an elevation range of 0 to 26 feet
above sea level. Two-thirds of the facility is situated on the southeastern
edge of the upland ridge that separates the Guayanilla and Tallaboa River
Valleys.

The south central coast is the most arid region of the Island. The hilis and ridges are
typically steep, with low-lying river valieys running southward from the Cordillera
Central to the Caribbean Sea. Development is typically restricted to the coastal alluvial
fans, coastal plains, plateaus, and inland river valleys.

The land adjacent to the terminal is used for industrial, small business, and residential
purposes. Cottage industries are practiced at some of the residential areas. The
industrial activities immediatel:- adjacent to the CORCO Site are carried on to the east,
south, and west. The site is bounded by Puerto Rico Route 2 to the north, Gulfchem to
the east, Puerto Rico Electrical Power Authority (PREPA) and Shell Company to the
west, and Union Carbide to the south. The Union Carbide Facility separates the Eastern
and Western Lagoon Areas (see Figure 2, Site Facility Map).

A number of the industries in the petrochemical complex area have discontinued
petrochemical and refining operations. PREPA continues to operate as an electrical
generating station.

CORCO Phase: I: Subsurface Ojl Investigation November 10, 1994
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2.2 Site Facilities

The CORCO Facility was formed in 1953 and operated as an independent petroleum
refiner and petrochemical manufacturer in the Commonwealth of Puerto Rico. CORCO
Facility historically operated as a petroleum refining and petrochemical manufacturing
plant. -All petrochemical operations were suspended in November 1981 and all refining
operations ceased in March 1982. CORCO continues to operate part of its facilities as
a products storage facility and terminal. At present, CORCO is leasing tank storage to
other companies for product storage.

When in complete operation, the CORCO complex was divided into several units or areas
(Versar, 1986). These units included:

Refinery Unit No. 1

Refinery Unit No. 2

Refinery Unit No. 3
Petrochemical Unit No. 1
Petrochemical Unit No. 2

Caribe Isoprene Corporation (CIC)
OXOCHEM Enterprises, Inc.
Olefins Plant

HERCOR Chemical Plant
Docking Areas

During production, each refinery operated two crude oil distillation units, a vacuum
distillation unit for crude bottoms, a Hydroflow catalytic cracker unit, a Visbreaker unit,
a hydrotreater unit, a catalytic polymerization unit, and a sulphur recover unit (GCA,
1985). Products of the refinery included gasoline, naphtha distillates, wet gases,
propane, butane, and fuel oil. At present time, all production operations are idie.

The petrochemical plants (CPI No. 1 and CPI No. 2) received part of their feed stock
from the refinery complex. These feedstocks, heavy and light naphthas, coupled with
purchased naphtha were used to produce liquified petroleum gas (LPG), butane,
cyciohexane, benzene, toluene, and mixed xylenes (ortho-xylenes, meta-xylenes, and
paraxylenes). The petrochemical complex ceased operations in November of 1981. In
1987, both plants were sold to Arochem International.

The acid plant produced suifuric acid that was used as a catalyst in the alkylation unit.
Sulfuric acid was also sold as a product. The raw material for the plant was spent
sulfuric acid from the alkylation unit and recovered hydrogen sulfide from the refinery
process. The acid plant ceased operations when the refinery ceased operations.
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Caribe Isoprene Corporation (CIC) was a joint venture with Mitsubishi and Nippon Zeon
Corporations to produce isoprene, which is used in rubber production. CIC ceased
operations in 1981. CORCO currently owns the CIC property.

The OXOCHEM Plant produced oxo-alcohols. The raw material (propylene) for this
plant was obtained from both the Olefins Plant and CORCO. Final products included 2-
ethylhexanol, isobutanol, and butanol. The alcohols were used as raw materials for
phthalate plasticizers. The plant was a joint venture with GRACE Corporation. The
plant was closed in 1978.

The Olefins Plant was a joint venture with PPG Company. The plant produced
propylene for the OXOCHEM Facility. The Olefins Plant closed in 1978. CORCO does
not own the property occupied by the Olefins Facility. However, CORCO owns two
tanks and ancillary facilities, including real estate, that were originally owned and
operated by Puerto Rico Olefins (PRO).

The HERCOR Chemical Plant was jointly owned by CORCO and Hercules Chemical
Corporation until 1981. In 1981, CORCO withdrew from the HERCOR operations and
the chemical plant became the property of HERCOR Chemical. The plant received
feedstock from the petrochemical complex and produced paraxylenes. CORCO does not
own the property occupied by the HERCOR Chemical Plant.

CORCO has operated docking facilities on Tallaboa Bay and Guayanilla Bay. The
Tallaboa dock was leased from the Puerto Rico Port Authority and is no longer under the
lease agreement, but is still utilized by CORCO. The Guayanilla Bay dock, which is
owned by CORCO, was used for the loading and unloading of refinery, petrochemical,
and propylene products. The dock is still used for the loading/unloading of diesel, LPG,
jet fuel, and gasoline.

A separate business consortium proposed to build a modular incineration system at the
CORCO Facility. The construction site was prepared in the northwest portion of the
CORCO Facility on the hillside above the refinery. The site was leveled by cutting into
the hillside and back-filling along the margins. The modular incineration syster « was not
constructed.

The CORCO Tank Farm is for the storage of hydrocarbon products. The largest portion
of the Tank Farm is located north of Route 127 and is situated on the Ponce Limestone.
A number of tanks (8) are located to the south of Route 127 on the Quaternary Alluvium.
The tanks north of Route 127 on the Ponce Limestone, have been cut into the hiliside and
back filled with caliche along the margins. The elevation of the Tank Farm, north of
Route 127, ranges from 35 to 280 feet above msl. The elevation of the Tank Farm,
south of Route 127, ranges from 8 to 20 feet above msl.
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2.3  Description of Release

Earlier site assessment work discovered the existence of free-phase product on the water .

table within the fractured matrix of the Ponce Limestone. A previous investigation
within the northwest portion of the facility, conducted by Roy F. Weston, Inc. (1989),
encountered free-phase product during an Environmental Impact Statement investigation.
The study was conducted at the proposed Modular Incineration Systems, Inc. site (MIS)
Area, which is located due north of Tank 965 and Tank 956.

As part of the Environmental Impact Statement prepared for the proposed MIS Facility,
six (6) bedrock monitoring wells were instalied. During the drilling of these wells,
hydrocarbon stained soils and odors were reported. In monitoring well MW-3, free-
phase product was noted at a depth of one hundred and seventy five feet below land
surface (175 ft. bls), at the approximate location of the water table. A strong
hydrocarbon with black or brown free-phase product floating on the water was noted in
the log for monitor well MW-4. In monitor well MW-5, a hydrocarbon odor was noted
but no visible hydrocarbon was detected. Strong hydrocarbon odor was reported in
monitor well MW-6. No hydrocarbon odor or product was reported in MW-1 or MW-2,
The presence of free-phase product was confirmed and reported to the appropriate
regulatory agency. US EPA correspondence of January 28, 1994 requested recovery of
product confirmed at the MIS Area monitoring wells.

During a site visit in March of 1994, free-phase product levels were measured in the
monitoring wells at the MIS area. The results of these measurements are presented in
Table 1. Four (4) of the six (6) MIS monitoring wells contained significant thickness of
free-phase product. Monitoring wells MW-1 and MW-2 contained no product. The
measured static water levels, in MW-1 and MW-2, showed that the water levels were
above the screened interval and free-phase product floating on the water table could not
enter these wells. The measured thickness of free-phase product, March of 1994, ranges
from 6.74 to 9.30 feet in monitoring wells MW-3 through MW-6.

2.4 Abatement Measures

CORCO submitted, on April 15, 1994, "Product Recovery Work Plan for the M.LS.
Area, COMMONWEALTH OIL REFINING COMPANY, INC." to the US EPA,
Region 2. The product recovery work plan was approved and initiated in July, 1994,
The product recovery system consists of four (4) product recovery pumps installed in the
MIS Area monitoring wells where the presence of free-phase product has been
confirmed. The product recovery pumps will be installed in MW-03, MW-04, MW-05,
and MW-06, which have a significant level of confirmed free-phase product. The MIS
Area recovery system includes an air compressor, four (4) downhole pneumatic pumps,
Water Production Prevention system, and an above ground storage/staging tank.
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The downhole pneumatic pumps operate on a cyclic principle with the duration of the
discharge and refill cycles determined by a Main Pump Controller. The cyclic discharge
and recharge of the compressed air is the operating mechanism that actuates product
production from the pumps. The discharge occurs when a compressed air charge is
delivered to the pump, which causes the air intake check balls to seat while
simuitaneously forcing collected product through the discharge tubing. The refill cycle
occurs when the compressed air charge is removed, which allows the pump to refill with
product. The pressurized air vents from the pump, through the discharge tubing, moving
recovered product to the above ground storage/staging tank.

The pumps operate on cycles, which are controlled by a pneumatic timing circuit. The
multiple pumps are operated from one Main Pump Control by use of Satellite Controls.
A satellite control is placed at each well head, with two air line connections. One air
line connection supplies "operating air” to the pump and the other air line connection is
the "logic" tubing from the main control manifold. The rate and duration of the
discharge and refill cycles are determined at the main control manifold. The "logic"
signal, sent from the main control, actuates a valve on the satellite control and allows
"operating air" to flow to the pump. Attached to the satellite control is a level sensing
tubing that extends down the well to the liquid level. The "logic" signal from the main
pump control is blocked until there is enough fluid in the well to submerse the end of the
level sensing tubing. This prevents the operation of individual pumps in low product
level conditions, without shutting down the recovery system.

The water production prevention systems include a Conductivity Control System and a
Water-In-Oil sensor. The Conductivity Control System consists of a conductivity probe
placed downhole, below the liquid intake level, of each operating pump. On detection
of water, the Conductivity Control actuates a solenoid valve that blocks the "operating
air” flow to the specific pump. This allows the recover systém to continue operation,
even if one or more pumps are down due to slow recovery. The second water
production prevention system is an Water-In-Oil sensor. The sensor is located
downstream of the product discharge manifold. When a product with a total
concentration of 0.1% H,0 is detected, the controller sends a signal to the Air Solenoid
Control’~r which blocks the air supply to the Main Pump Control. This shuts down the
recovery system. The Water-In-Oil sensor is equipped with a latching relay that allows
the system to be manually operated in an over-ride mode for pumping water contaminated
oil to treatment or storage. The recovered product will be recycled, blended and stored

for sale. All storage/staging tanks are equipped with high-level pump shut down devices
to prevent possible overfill.

The product recovery system was expected to go on-line October 15, 1994. The
recovery system start-up has been postponed due to possible lateral downhole movement
of a clay formation. The pneumatic recovery pumps (1% x 56 inches) could not be
correctly positioned at the proper depth below land surface, as the pumps bound inter-
casing at 40 ft. bls. This depth approximates the location of a clay facie that is known
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to cause slump and mass wastage within the Ponce Limestone. The well casings has
been scheduled, as of October 14, 1994, to be tested using a inter-casing caliper to
determine if pumps with a shorter length can be positioned correctly within the product.
The pneumatic pump manufacture was notified and requested to engineer a smaller pump
(1% x 36 inches). These pumps will be constructed if the caliper testing indicates the
wells are viable as recovery wells. At present, the recovery system is expected to be on-
line in early November 1994.

3.0 SITE CHARACTERIZATION

3.1  Site Physiography

Puerto Rico is the most easterly and smallest of the four major islands that form the
Greater Antilles. The other three land masses within the Greater Antilles island cluster
include Cuba, Jamaica, and Hispaniola. Puerto Rico is surrounded by the Atlantic Ocean
to the north and the Caribbean Sea to the south., The Islands most noteworthy geological
feature is the Cordillera. A chain of towering mountains that rise above the Central
Region. The mountain summits are the high parts of a chain that's mass is buried mostly
beneath the sea. The mountain peaks are the result of volcanic actively that deposited
lava and igneous rock in consecutive layers. To a lesser degree, the island is composed
of quartz, diomites, and along some of the edges, coral limestone.

The daily temperatures in Puerto Rico average in the mid-70's and seldom go above 85
degrees or below 70 degrees. Most rain falls in May but there is no definite rainy
season. The sun shines most days of the year. The CORCO Facility is located on the
Caribbean Island of Puerto Rico. The facility is situated south of the Central Cordillera
Mountains in the southwest region. The CORCO Facility is near Ponce, which is the
second largest city in Puerto Rico.

3.2  Regional Geolog ' and Hydrogeology

The CORCO Facility is Iocated in the Tallaboa-Guayanilla-Guanica subarea of the south
coast region of Puerto Rico (USGS, 1987). The three formations in the Tallaboa-
Guayanilla-Guanica subarea are Quarternary Alluvium, and the Tertiary Limestones
which are made up of the Ponce Limestone and Juana Diaz Limestone. Thick deposits
of unconsolidated Quarternary Alluvial of boulders, gravel, sands, silts and clays underlie
large portions of the Tallaboa Valley. These alternating alluvial sequences grade
southward towards the Caribbean Sea to finer-grained deposits of lacustrine origin. The
Quarternary lacustrine deposit composition is generally fine-grained sequences of sand,
silts, clays and peat. Further southward towards the Caribbean Sea, the benthoic deposits
are generally thin re-worked beach deposits of quartz sand and calcite reef rubble. The
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Quarternary deposits thicken seaward and are underlain by the Tertiary Limestone
formations. The Quaternary Alluvial Deposits are underlain by the Tertiary Ponce
Limestone in the south and by the older Tertiary Juana Diaz Limestone to the north.

The Ponce Limestone is the bedrock of concern in the area of the CORCO Facility, The
Ponce -Limestone is comprised of an upper Miocene member and a lower Oligocene
member with a total thickness of 2,260 feet. Tallaboa Valley Basin is underlain by the
Ponce Limestone. Most of the Ponce Limestone is a yellowish-white chalky limestone.
The Ponce Limestone is generally massive, but includes some thin dense strata and clay
facies. The formation is commonly fossiliferous (USGS, 1972). The limestone strikes
east-west and dips south at an angle of ten to twenty degrees. The Ponce Limestone at
the CORCO Facility trends 86 to 94 degrees east and dips 18 to 22 degrees south.

The principle water bearing units underlying the study site are the unconsolidated
Alluvial Deposits and the Ponce Limestone. Based on test borings, monitor well and
piezometer installation programs, the Ponce Limestone is the aquifer of concern for the
free-product recovery program.

The regional hydrogeology discussion is based primarily on the U.S. Geological Survey
report on the water resources of the Tallaboa Valley by Grossman et. al. (1972).
Unconsolidated deposits of sand and gravel, in the central portion of the valley, are by
far the most productive water-bearing material in the Tallaboa Valley region. The Ponce
Limestone may serve as a supplemental source of water to wells tapping the overlying
sand and gravel. Wells in the Quarternary Alluvial have the highest specific capacity and
yield. The maximum yield is reported at 1,200 gpm (USGS, 1972). The average yield
of forty nine (49) wells tapping the sand and gravel aquifer is about 260 gallons per
minute (gpm), with individual wells yielding upwards to 1,650 gpm. In spite of the low
yield and a wide range in chemical quality of groundwater, the Ponce Limestone is the
only productive bedrock in the area and is second only to the unconsolidated sand and
gravel as a source of water. The average yield of four wells tapping this rock is 30 gpm,
the maximum yield being 100 gpm. Salt water intrusion in the alluvium is common near
the sea and inland in heavily pumped supply wells. The Beach and dune deposits
commonly contain salt water,

Saltwater intrusion from the sea was reported as early as 1961 to be affecting wells south
of Route 127. Further studies by the USGS in 1966 showed many wells in this area
reporting increased chloride concentrations, the predominant anion of sea water (USGS,
1972). The fresh water supplies for potable and industrial use are obtained from well
fields owned and operated by the industries or by the Puerto Rico Aqueduct Authority.
The Puerto Rico Aqueduct Authority public potable water is partially supplied from the
Grazas Dam, the Yauco Reservoir, and a well field. The well field is located north of
Highway 2, in the north Tallaboa Valley, and is completed in the alluvial gravel and sand
aquifer. Saltwater intrusion, has shut down most potable water wells in the Tallaboa
Valley Region south of Route 127.
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Groundwater exists under water table conditions within the alluvial deposits and in the
upper part of the Ponce Limestone beneath the valleys (Weston, 1992). The groundwater
of the Tallaboa Valley Alluvial deposits occurs under water table conditions with a
gradient to the south towards the Bahia de Tallaboa. Groundwater recharge is due to
infiltration/percolation. ' The fractured limestone recharges from the alluvial sands and
gravel in the central valley region. The upland region is not favorable to recharge as the
limestone is more competent with fewer joints and fractures. The yields in the upland
regions of the Ponce Limestone is generally low with high concentrations of dissolved
solids. The Juana Diaz Formation may supply small yields of water in the valley, but
is of poor chemical quality with a high content of chloride and sulfate (USGS, 1972).

3.3 Potential Receptors

The potential migration pathways investigated are subsurface soil and groundwater. The
focus of this section deals with the avenues of potential migration.

Groundwater in the vicinity of the CORCO Facility occurs under water table conditions.
The regional groundwater flow direction is towards Guayanilla Bay and Tallaboa Bay.
This is a south to southwest flow direction. The local groundwater flow direction in the
Tank Farm is west to northeast and east to northwest towards the Tank Farm Central
Area.

The groundwater flow direction in the vicinity of the Eastern lagoon Area is to the
southeast and towards Tallaboa Bay. The Tallaboa River, located approximately 1,200
feet to the west of the Eastern Lagoon Area, is likely to have little or no effect on the
groundwater flow direction in the area of the Eastern Lagoon Area.

Route 127 appears to act as a possible hydraulic barrier (Ref. Lithology Section) at the
CORCO Facility. The water table appears to mound up adjacent to the roadway. The
construction of the road base for Route 127, along with heavy traffic, may have
compacted the upper soils at the water table forming an aquitard. If this is the case, then
Route 127 acts as a hydraulic barrier between the Ponce Limestone and th: Alluvial
Deposits and would confine LNAPL's to the Ponce Limestone. This phenomenon needs
to be further investigated during subsequent product level measurement events.

The background water quality has been assessed in the northwest portion of the CORCO
Facility at the MIS Area. The water quality was assessed during the MIS Environmental
Impact Statement (Weston, 1989). Based on laboratory analysis of the MIS Area
groundwater samples, the groundwater is considered to be of poor quality for both
drinking water and industrial usage. Chloride concentrations, in all MIS Area wells
(MW-1 through MW-6), were above the Federal drinking water standards of 250 mg/¢.
The chloride concentrations ranges from 523 mg/f in MW-1 to 2,820 mg/! in MW,
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4.0 SOIL ASSESSMENT

4.1 Soil Boring Program

The soil boring locations at the CORCO Facility were based on probable avenues of
migration. In this way, a suitable number of soil borings serve to characterize potential
pathways for contamination migration, the magnitude of contamination within the soil
matrix, and the aerial extent of free-phase product on the water table. Additionaily the
soil boring investigation assess possible migration pathways that may exist between the
Ponce Limestone and the alluvial deposits. The Phase I: Subsurface Oil Investigation soil
borings were converted into piezometer wells to aid in determining the extent of free-
phase product and possible migration pathways.

Before drilling activities began, the location of all soil borings/piezometer wells were
staked by the on-site DSM geologist. The locations were approved by a CORCO
representative for CORCO utilities, to ensure that underground pipelines, underground
cables, water pipes or other potentially dangerous features were not encountered.

A total of five (5) soil borings/piezometer wells were moved from the proposed locations
as delineated in the Phase I: Subsurface Oil Investigation Work Plan (WESTON,
8/30/90). Boring locations were adjusted based on site access, property boundaries, and
surface obstructions. The soil borings/piezometer wells were relocated as per verbal
directive from Mr. Tim Gordon during a May 11, 1994 Site visit (refer to Figure 3, Soil
Boring Location Map).

The authorized relocated soil borings/piezometer wells are as follows:

PD-1, PD-2 Equally spaced on the Causeway to CORCO Docks

flanking Tank 1007;

PD-18 West of the CORCO Laboratory at the extent of CORCO
property,

PD-22 North West corner of CPI-1, due North of Tank 739; and

PD-26 Nf(t)_rth of the Refinery Plant II, due North of the boiler
office.

The bore-holes were advanced using a Hollow-Stem Auger Drilling Rig. The soil
borings were installed using a trailer mounted Acker and CME-55 drilling rigs capable
of advancing a 6.25-inch outside diameter (O.D.) hollow stem auger to a predetermined
depth as defined in the Soil Boring Plan. Soil borings were sampled from the ground
surface to a termination depth (TD) approximately fifteen (15) feet below the water table
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using a split-spoon sampler. Split-spoon samples were collected at 5-foot intervals or at
smaller intervals during changes in subsurface lithology or when a water horizon was
encountered. This drilling methodology was used for all 32 soil borings in both the
Alluvial Deposits and the Ponce Limestone.

A 2-foot split-spoon sampler was utilized because poor sample recovery was encountered
when drilling in both the alluvial Deposits and the Ponce Limestone. Poor sample
recovery occurred in facies of course-grained and/or saturated granular sediments and in
zones of high density - hard to compact bedrock. Standard penetration tests were
preformed when using the split-spoon sampler in the course-grained, noncohesive, and
saturated granular sediments in conformance with ASTM D-1586. This in-field physical
properties testing technique was used to quantify the relative density of the noncohesive
and cohesive facies.

The sampling tools utilized in the investigation were decontaminated between collection
of individual samples. All downhole equipment and the drilling rig was decontaminated
prior to initiating the drilling of a soil boring. The sampling tools, drill rig, and
downhole equipment were decontaminated using a high-pressure, hot water steam cleaner
and a high-pressure potable water rinse. Those items for steam cleaning would include
drill pipe, hollow-stem auger flights, drill bits, tremie pipe, and down hole sampling
devices.

At the soil boring site, the sampling equipment was decontaminated between samples
using first a washing and scrubbing in a mild laboratory detergent (Liquinox ©), followed
by a potable water rinse, and then a final rinse using deionized water. The on-site
decontamination procedures were used on sampling devices such as split spoons, Shelby
tubes, as well as sample trays and stainless steel trowels and knives,

4.1.1 Soil Boring Location

The boring locations of the Phase I: Subsurface Oil Investigation were based on the site
specific 'ithology as determined by previous subsurface investigations conducted at the
CORCO Facility. Previous investigations in these areas were conducted by Versar, Inc.
(1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994). The two
formations investigated are as follows:

- Alluvial Deposits
- Ponce Limestone

The Phase I: Subsurface Oil Investigation is in compliance with the 1990 Settlement
Agreement between CORCO and the U.S. EPA. The purpose for the location and
placement of soil boring/piezometer wells was to develop a facility wide information data
base to determine the presence of free-phase product.
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Eight (8) soil borings were drilled in the Alluvial deposits between the Eastern Lagoon
Area and the Western Lagoon Area at CORCO's southern property boundary. Eight
monitoring wells (EL-1 through EL-4 and WL-1 through WL-4) had been drilled by
GDC Engineering, Inc. (1994) in a previous investigation in the Alluvial Deposits.

The eight soil borings drilled in the Alluvial deposits are located south of Route 127.
The soil boring PD-1 is situated at the northwest corner of Tank 1007's berm. The
remaining seven (7) soil borings in the Alluvial Deposits, PD-2 through PD-8, are
located on a west to east line approximately equal-distance between each other. The
borings PD-3 through PD-8 are located at the southern extent of CORCO property.

Twenty-six (26) soil borings were drilled in the Ponce Limestone. These borings were
placed in three strings on an west to east orientation to the extent of CORCO property.
The strings were placed within three approximate ranges of elevations at 40 to 55 msl,
90 to 105 msl, and 145 to 190 msl. A previous investigation within the northwest
portion of the facility, conducted by Roy F. Weston, Inc. (1989), encountered free-phase
product during an Environmental Impact Study. This study was conducted at the
proposed Modular Incineration Systems, Inc. site (M.I.S. Area), which is located due
north of Tank 965 and Tank 956. The elevations of the MIS Area monitoring wells
ranges from approximately 170 ft. bls to greater than 200 ft. bis.

The twenty-six (26) soil borings drilled in the Ponce Limestone are located north of
Route 127. The lowest string of soil borings, PD-9 through PD-18, are located south
of the process areas at two elevation ranges of approximately 45 to 55 ft. msl and 90 to
105 ft. msl. These borings are spaced equal-distance, on an west to east bearing, from
southwest of Tank 1011 to due east of PROLAB. The second string of soil borings, PD-
23, PD-24, PD-19, PD-20, PD-21, PD-27, PD-28, PD-29, and PD-22, are located on
the roadway north of the process areas. The second string of borings is at two elevation
ranges of approximately 90 to 105 ft. msl and 145 to 190 ft. msl. These borings are
spaced equal-distance, on a west to east bearing, from due west of Tank 965 to due north
of C.P.1. 1. The third string of soil borings, PD-30, PD-31, PD-32, PD-25, and PD-
26, at two elevation ranges of approximately 90 to 105 ft. msl and 145 to 190 ft. msl.
These borings are spaced equal distance, on a west to east bearing, from due west of
Tank 955 to south east of Tank 973. The third string of soil borings is located south of
the MIS Area.

All thirty two (32) soil borings/piezometer well installations were advanced to the
uppermost aquifer. The soil borings were terminated a minimum of 15 feet into the
water table. Occasionally the boring was drilled further into the formation when a
"heaving sand” was encountered. The additional footage drilled was deemed necessary
in order to set a piezometer well without impacting the formation. The soil borings were
expected to encounter the saturated zone between 5 to 15 feet above mean sea level (ms))

in both formations as the uppermost aquifer at the facility is acting under water table
conditions,
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4.1.2 Sample Selection

Soil samples were collected in advance of the hollow stem drilling augers with a split-
spoon sampler to ensure that the samples were collected from undisturbed soils. When
a soil sample had been collected, it was brought to the surface and removed from the
downhole split-spoon sampler. The soil samples were collected from the cores using
dedicated or decontaminated sampling tools at regular 5 foot depth intervals. If sandy
unconsolidated, noncohesive samples were retrieved, the sample was carefully scooped
into glass sample containers using a stainless steel spoon. The collected soil core and
bedrock samples were placed into glass sample containers for delivery for analytical
laboratory analyses.

All collected soil samples were logged in the field by a qualified DSM professional in
geology. Selected sample intervals were tested and described in the field using the
Unified Soil Classification System (USCS). DSM drilling logs and field records include
discussions of the lithographic characteristics encountered according to the USCS
descriptive methodology (refer to Figure 4). The USCS soil description defines the soil
types within a specific format describing structure, texture, mineral composition,
moisture content, color and name. The USCS soil description also notes any evidence
or odors indicating hydrocarbon contamination.

A portion of each collected sample was placed in a sample screening container and the
head space scanned with an Organic Vapor Analyzer (OVA). The make and model of
the OV A used during the investigation was a Microtip HL-2000 Photovac ©. The OVA
was calibrated, at a minimum of once a day, with a span gas of 100 parts per million
(ppm) isobuytlene for the detection of light end hydrocarbons.

Field screening of boring samples for volatile organics was performed by taking a
representative sample from the full length of each core sampile and sealing it in an air
tight plastic bag of approximately 500 ml capacity. After the sample had been allowed
to equilibrate for at least 5 minutes, the bag was pierced with the probe of an OVA. The
headspace gas was allowed to enter the photoionization detector of the OVA to obtain a
reading of the maximum volatile organic constituents. The soil classification and vapor
analyses record of the detected hydrocarbon result was recorded on the Field Boring Log.
The OVA results from the soil borings was recorded as parts per million (ppm) and at
the representative depth below-land-surface (bls) the sample was retrieved.

The Field Boring Logs were reviewed following completion of the Phase I: Subsurface
Oil Investigation. The Field Boring Logs contained: piezometer completion data, sample
number, sample depth, blow-counts, percent recovery, USCS sample description, and
sample type. A total of five hundred and fifty (550) samples were collected during the
investigation. All samples were submitted to an analytical laboratory for visual-manual
description and USCS classification.
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4.1.3 Soil Boring Geotechnical Resulfs

The five hundred and fifty (550) soil samples collected during the investigation were
reviewed with respect to both the Phase I: Subsurface Oil Investigation, and the M.IL.S.
Area Product Recovery Project. All five hundred and fifty (550) collected soil samples
were analyzed by a Geotechnical Laboratory for Visual-Manual Description, and USCS
Classification. A group of two-hundred and seventy (270) soil samples were selected to
be analyzed for Grain Size, Plasticity Index and Moisture Content. These samples were
selected for laboratory analysis based on the need to gather facility wide geo-technical
data for free-phase product recovery. This information was judged to be essential for
a cognizance understanding of the subsurface conditions at the facility.

The two hundred and seventy (270) collected soil samples have been categorized by
piezometer number, sample number, and the depth below-ground-surface for the samples
to be analyzed for Grain Size, Plasticity Index and Moisture Content (refer to Table 2,
Collected Soil Samples Sent to an Analytical Laboratory).

The collected soil samples were sent to an analytical laboratory for analysis of Grain
Size, Plasticity Index and Moisture Content to obtain: 1) independent non-bias
conformation of the facies; 2) in-sitw physical characterization; and 3) analytical
laboratory characterization. The Field Boring Logs indicated that the Ponce Limestone
and the Alluvial Deposits formations are heterogeneous.

The samples analyzed were selected from facies encountered in the Phase I: Subsurface
Oil Investigation that may influence product transportation, product migration, and
product recovery. The facies that are greater than twenty (20) feet thick had multiple
samples analyzed in order to get an analytical range across the facie. The facies were
determined in the field by visual-manual classification methods. The field description
indicated that the formations are heterogeneous. The categorized samples were then sent
to an analytical laboratory for laboratory characterization.

The characterization of the soil samples will aid in optimizing product recovery at the
CORCO Facility. The analytical data will be used to model the subsurface in Jrder to

determine optimal recovery methods and time necessary to recover the product on the
water table.

A measurement of particle size distribution has been made for the facies analyzed by the
laboratory. The methodology for measurement of particle size distribution was a
sieve/hydrometer analysis according to ASTM 63 D422 (rev. 1990). The particle size
gives an estimate of the hydraulic conductivity of the soil and an assessment of the
sorptive capacity of the soil.

The laboratory Atterburg Test (ASTM D4318 rev. 1993) was completed on the samples.
These test results will aid in optimizing free-phase product recovery at the facility.
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Atterburg Tests have been preformed on facies in the Ponce Limestone. The plasticity
and type of fine-grained soil is identified by placement on the Plasticity Chart.

Field estimation of plasticity was accomplished by the repeated act of deforming and
remolding a small Jump of soil. The methods of performing the field plasticity
evaluation was the worm-test. In the worm-test, a small lump of the soil (approximately
0.5 inches by 0.5 inches) was removed from the core. The lump of soil was first
saturated (water was added if not naturally saturated), then rolled back and forth between
the palms and hand until a "worm” of approximately 1/8 inch in diameter was formed.
The sample was determined to be at its plastic limit when the worm breaks upon being
rolled. The sample was then remolded into a lump, and the process (without adding
additional water) was repeated. The field plasticity description was based upon the
number of times the process can be repeated as follows:

Field Plasticity Determination (Worm Test)

Nonplastic 1/8 inch worm cannot be rolled at any water content,

Low Plasticity 1/8 inch worm can barely be rolled and lump cannot be formed afier
reaching plastic limit one time.

Moderate Plasticity 1/8 inch worm is easy to roll and form but lump cannot be formed after
reaching plastic limit one to three times.

High Plasticity 1/8 inch worm can be rolled and reformed numerous times.

The moisture content of a soil was determined in the field by visual-manual methodology.
The description is important in understanding an aquifers characteristics and possible
reactions to recovery system stresses. Great care was taken when determining the point
of saturation and the thickness of any capillary fringe. The moisture content was
determined in the Atterburg Test (ASTM D4318) for the submitted soil samples.

Partially saturated soils were described as being dry, damp, or moist with increasing
degrees of saturation. When a sample was seen to be saturated it was recorded on the
Field Boring Logs at the depth the soil became saturated and of the depth at which the
soil ceased to being saturated. The degree of saturation was determined in the field using
the following visual methods:

Field Moisture Content Determination

Dry Absence of moiswre, dusty, dry to the touch.
Damp Sufficient moisture to hold particles together but not sufficient to smear fines when
rubbed.
Moist Sufficient moisture to hold particles together and to smear fines when rubbed.
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Saturated Sample has free water. Visible water forms at sample surface when struck
repeatedly with the flat edge of a sampling knife.

The relative density of a noncohesive soil or slightly cohesive soil was determined by
recording an "N-value" from the hammer blows used to advance the split-spoon sampler.
The split-spoon sample was collected by advancing an 18 inch long by 1 inch ID sampler
with repeated 30 inch free-fall drops of a 140 pounds hammer. The sampler was placed
on the bottom of the borehole, and six inch increments are marked off on the drill stem
from a fixed referenced (the top of the augers). The hammer was then used to advance
the sampler (as indicated above), and the number of blows required to drive each 6-inch
interval were recorded on the Field Boring Logs. For the protection of the sample tool,
no more than 50 blows are used during any single 6-inch advance.

4.1.4 Piezometer Well installation

The Phase I: Subsurface Oil Investigation soil borings were converted into two-inch
piezometer wells in order to monitor the uppermost aquifer at the CORCO Facility. The
piezometer wells were completed in accordance with the US EPA approved Weston
Phase I: Subsurface Qil Investigation Work Plan. The piezometer configuration was
installed to determine the potentiometric surface at the CORCO Facility.

The drilling subcontractor mobilized to the CORCO Facility on May 10, 1994 and
commenced drilling on May 12, 1994. The drilling rig mobilized to the site in May
1994 was an trailer mounted Acker capable of drilling 6 3% inch OD Hollow Stem augers.
A second drilling rig, a trailer mounted CME-55, was mobilized to the CORCO Facility
on June 22, 1994. The installation of all thirty-two (32) piezometers was completed on
July 22, 1994 (ref. Table 3). The construction of all thirty-two (32) piezometer pads was
completed August 17, 1994.

The bore-holes were advanced using a Hollow-Stem Auger Drilling Rig. Split-spoon
samples were collected at 5-foot intervals or at smaller intervals during changes in
subsurface lithology or when a water horizon was encountered. This drilling
methodology was used for all 32 soil borings in both the Alluvial Deposits and the Ponce
Limestone. When the soil sampling and logging was complete, the bore hole was reamed
to remove any material that may have slough off downhole. The hollow stem augers
were then removed from the bore hole and the piezometer well was installed inter-bore.
Each piezometer well was constructed of 2-inch, Schedule 40, flush threaded, PVC
monitoring well casing. No joint compound was used to seal the PVC threads. The
screen sections were 20 feet factory lengths of PVC "wire wrapped" slotted screen as
approved in the Work Plan. The added strength of the PVC "wire wrapped” screen was
determined to be necessary due to the downhole pressures. Five feet of screen was
positioned above the saturated zone with the remaining fifteen feet of screen set below
the water table.
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At boring locations in the Quarternary Alluvial and the Ponce Limestone, a "heaving
sand” was encountered. In such instances, the borehole was usually drilled an additional
five (5) feet and a five foot section of blank casing added to the bottom of the screen.
This allowed for formation collapse and "heaving sand" to occur while screening the
proper zone and placing the filter pack from the bottom of the screen to a minimum of
two feet above the screened interval.

Once the well screen and casing were positioned inside the borehole, a clean gravel filter
pack was introduced into the annulus. The filter pack was brought up to a depth of
approximately two feet above the screened interval. A weighted measuring tape was
used to measure the settling depth of the well materials. Bentonite pellets were added
to a minimum depth of two feet above the filter pack and then hydrated to form a seal.
The remaining annulus was filled with dry cuttings, that had no visible oil staining or
detectable hydrocarbon as measured with the OVA, from the vadose portion of the
borehole to within two feet of ground surface.

The piezometer well completions consist of a locking six-inch protective well casings set
into a four by four foot by six-inch sloped concrete pad. The well pads have four three-
inch concrete filled steel protective casings placed eighteen inches in the ground at each
corner of the well pad. The well casings were filled with concrete to a height of greater
than twelve inches above natural ground surface. A flush mount surface cover was used
in place of the steel protective well casing at PD-15 and PD-20. The surface mount
cover was utilized in order not to impede traffic in the roadway.

A piezometer well construction summary is submitted in Appendix C - Soil Assessment.
The soil boring logs, interval screened, gravel pack interval, survey data, and analytical
data is summarized on the piezometer well installation forms.

4.1.5 Decontamination Procedures

In order to eliminate the possibility of cross-contamination, special procedures were
followed during the field inve-tigation. The most effective procedure utilized was
contamination avoidance. As much as possible, dedicated and/or disposable equipment
were used to collect samples. Personnel coming in contact with samples used a level of
personnel protection as indicated by the Site Specific Health and Safety Plan. Gloves
were replaced each time a new sample was handied.

The sampling tools utilized in the investigation were decontaminated between collection
of individual samples. All downhole equipment and the drilling rig was decontaminated
prior to initiating the drilling of a soil boring. The sampling tools, drill rig, and
downhole equipment was decontaminated using a high-pressure, hot water steam cleaner
and a high-pressure potable water rinse. Those items for steam cleaning would include
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drill pipe, hollow-stem auger flights, drill bits, tremie pipe, and down hole sampling
devices.

At the soil boring site, the sampling equipment was decontaminated between samples
using first a washing and scrubbing in a mild laboratory detergent (Liquinox ©), followed
by a potable water rinse, and then a final rinse using deionized water. The on-site
decontamination procedures were used on sampling devices such as split spoons, Shelby
tubes, as well as sample trays and stain-less steel trowels and knives. When in use or
in storage, all uncontaminated equipment was protected from contamination by using
plastic sheeting or some other appropriate method.

The down-hole equipment decontamination was performed near the API Separator. Care
was taken to ensure that any overspray or runoff was collected, contained and labeled for
later disposal. The collection method involved construction of a decontamination pad
large enough to clean two hundred footage of hollow stem augers and the drill rig. The
decon pad measured 20 by 40 ft. for a total area of 800 ft.? to decon. The decon pad
construction consisted of placing % inch ply-wood boards on the ground, surrounding
the pad with wooden boards (2 x 12 inches by 20 ft.), then over laying everything with
a 40 mil mylar linear. The decon pad was inspected daily 1o insure that no decon waters
were escaping through possible tears in the linear. The containers are limited to the
designated areas pending classification and disposal.

Personal health and safety procedures were used to limit exposure to contaminants.

4.2  Site Specific Lithology

The site specific lithology as determined by previous subsurface investigations conducted
at the CORCO facility is the Quaternary Alluvial Deposits and the Tertiary Ponce
Limestone. Previous investigations in these two formations were conducted by Versar,
Inc. (1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994).

The boring locations of the Phase I: Subsurface Oil “avestigation are based on data
derived from previous investigations at the CORCO Facility and the EPA approved
Weston Work Plan. The position of the soil borings was made to complement data
gathered from the previous investigations and gather enough data to form a facility wide
subsurface data base.

The geology at the CORCO Facility has been determined to be the Quarternary Alluvial
Deposits and the Tertiary Ponce Limestone. These formations were the lithographic units
of interest during the Phase I: Subsurface Oil Investigation.

The road, Route 127, bisects the CORCO Facility on an east to west bearing. The
roadway is built on/at the interface between the Ponce Limestone and Alluvial Deposits.
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Route 127 is built on the Alluvial flats and follows the contour of the Ponce Limestone
hill-sides. The road base has been raised above the surrounding land surface
approximately one foot. The road is the main route for heavy equipment and traffic in
and through the Petrochemical Complex. The presence of this roadway is significant as
it appears to impact the geohydrology at the CORCO Facility.

4.2.1 Quartermary Alluvial Deposits

The Quarternary Alluvial Deposits are located in the low lying regions, at the CORCO
Facility, south of Route 127. The Phase I investigation advanced eight (8) piezometer
soil borings in the alluvial deposits to a maximum depth of thirty (30) feet below-land-
surface. The elevation range, for the soil borings, was from 4.69 to 11.84 feet above
mean sea level (ft. msl).

The soil borings, in the alluvial, indicate that there were two or more depositional
environments in the area investigated. This can be seen in Figure 6: Cross-Section A -
A', which shows the lithology encountered in soil borings PD-1 through PD-8. The soil
facies range from peat, to mixtures of sand, silt, clay and gravel. This composition of
the facies indicates a wide energy range during the depositional environments. This
energy was applied by wave action and currents affecting the composition during
deposition of the facies. The exhibited rounding, sorting and winnowing in the alluvial
facies exhibit the medium energy ranges and textural maturity, while the high energy
ranges are exhibited as textural inversions. A supra-tidal environment has a wide energy
range and textural maturity range.

The lithology can be interpreted as being constructed of three zones. The first zone is
varying grades of silty clay to silty clayey gravel. This zone appears to be fill material.
The fill material originates from the Ponce Limestone and most likely was deposited
during construction of the CORCO Tank Farm. The second zone shows facies of diverse
compositions of peat to organic silty clays. The third zone shows facies of clay, silt and
sands with some gravels.

The soil borings PD-1 through PD-8 indicate a relatively moderate energy deg Jsitional
environment with in the second depositional zone. These facies were encountered at five
to twenty three (5 to 23) ft. bls. The facies, in these borings, are varying compositions
of peat to organic silty clays. A peat zone was found in PD-2 at ten to twelve (10 to 12)
fi. bls. To the east, in borings PD-5 and PD-7, clay lenses were found at ten to fourteen
(10 to 14) f. bls. Boring PD-8 showed a gravelly sand at ten to fifteen (10 to 15) f.
bls, with in the second depositional zone.

The third zone was encountered at sixteen to twenty-two (16 to 22) ft. bls. This zone
has silty sand, clayey sand and gravelly sand facies. The sediments range from well
sorted grains in a clay matrix to sub-rounded grains in a silty clay matrix. This is
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indicative of a high energy depositional environment, by the textural inversions of the
facies.

The Alluvial Deposits show a range of energy during the depositional environment, The
textural maturity of the facies falls with in the immature, sub-mature to mature ranges.
The depositional environments in these energy ranges are flood plain, lagoon/swamp,
river channel, and beach and bar environs. The facies also exhibit textural inversions
that indicate multiple source material or reworked older sediments into primary deposits.

The depositional environment, encountered during the investigation of the Alluvial
Deposits, is reflected by the textural maturity and textural inversions of the facies
composition. The older facies, the third depositional zone, exhibit a beach-bar
composition. The second depositional zone shows a range of maturity and textural
inversions that is indicative of low to moderate energy environs. The winnowing and
sorting of the second zone facies exhibits deposition features of Lagoon/swamp and
river/splay deposits. These findings are consistent with the U.S. Geological Survey
report on the water resources of the Tallaboa Valley (Grossman, et. al. 1972).

4.2.2 Tertiary Ponce Limestone

The Tertiary Ponce Limestone deposits are located in the upland regions, at the CORCO
Facility, north of Route 127. The Phase I investigation advanced twenty-six (26)
piezometer soil borings in the Ponce Limestone deposits to a maximum depth of one
hundred and ninety (190) feet below-land-surface. The elevation range, for the soil
borings, was from 29.56 to 164.25 feet above mean sea level (ft. msl).

The twenty-six (26) soil borings drilled in the Ponce Limestone are located north of
Route 127. The lowest string of soil borings, PD-9 through PD-18, are located south
of the process areas at two elevation ranges of approximately 30 to 40 ft. msl and 60 to
75 ft. msl. These borings are spaced equal-distance, on an west to east bearing, from
southwest of Tank 1011 to due east of PROLAB. The second string of soil borings, PD-
23, PD-24, PD-19, PD-20, PD-21, PD-27, PD-28, PD-29, and PD-22, are located on
the roadway north of the process areas. The second string of borings is at two elevation
ranges of approximately 60 to 75 f. msl and 130 to 165 ft. msl. These borings are
spaced equal-distance, on a west to east bearing, from due west of Tank 965 to due north
of CPI 1. The third string of soil borings, PD-30, PD-31, PD-32, PD-25, and PD-26,
at two elevation ranges of approximately 60 to 75 ft. msl and 130 to 160 ft. msl. These
borings are spaced equal-distance, on a west to east bearing, from due west of Tank 955 _
to south east of Tank 973. The third string of soil borings is located south of the MIS

Area,
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The three strings of soil borings have been plotted as cross-sections. The lithology of
the lowest string of soil borings is Figure 7: Cross-Section B - B'; the lithology of the
second elevation string is Figure 8: Cross-Section C - C'; and the lithology of the third
elevation string is Figure 9: Cross-Section D - D'.

Most of the Ponce Limestone is a yellowish-white chalky limestone. The Ponce
Limestone is generally massive, but includes some thin dense strata and clay facies. The
formation is commonly fossiliferous (USGS, 1972). The Ponce Limestone at the
CORCO Facility trends 86 to 94 degrees east and dips 18 to 22 degrees south.

The Ponce Limestone can be chemically classified as: 1) allochems, 2) microcrystalline
calcite, and 3) sparry calcite. The Ponce generally contains sparry calcite and in
locations is highly fossiliferous. The Ponce commonly falls within the Sparry
Allochemical Limestone (sparites) Compositional Classification. The Type I: sparites
indicates the limestone was deposited in an environment of vigorous winnowing action
and pretty efficient sorting (R.L. Folk, Petrology of Sedimentary Rocks, 1980). This
can be seen in the Ponce Limestone as the formation often shows good bedding, close
packing and good orientation of allowchems.

This indicates the depositional environment, of the Ponce Limestone at the Facility, was
generally a high energy environment with strong currents with areas of low energy weak
currents.

This energy environment is consistent with the depositional features evidence at the
CORCO Facility in the Ponce Limestone. The reef complex structures would show both
high and low energy depositional features such as wash-outs and winnowing effects,
which the Ponce does in both textural and compositional variation. The compositional
diversity, of the Ponce Limestone, ranges from sparry calcite to microcrystalline calcite.
The reef complex typically has areas of very strong currents, areas of short lived currents
and areas of weak currents.

The clastic limestone classification, for the Ponce Limestone, ranges from a calcisilite
to a calcirudite according to the Clastic Limestone Classification System (American
Associatin of Petroleum Geologists, R. L. Folk, 1959). The calcite grain size ranged
from fine to very coarse (0.03 mm to 2.0 mm) in all Phase I soil borings drilled in the
Ponce Limestone. The borings PD-27, PD-28, and PD-29, the upper east-most string,
evidenced some very hard zones of calcircudite at fifty-two to sixty-eight (52 to 68) ft.
bls

The Ponce Limestone contains many structural features that can be generalized across the
CORCO Facility. The bedding of the Ponce dips at eighteen to twenty-two (18 to 220)
degrees at the Facility. The Ponce Limestone strikes at eighty-six to ninety-four (86 to
940) degrees east. Numerous joints and fractures, in the Ponce Limestone, can be
evidenced in out-crops across the Facility. There are reef structures that cross the
bedding plains. A complex reef structure out-crops due north of the Machine Shop and
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between PD-31 and PD-32. These structural features control the rate and Jocation of the
digenesis of the limestone.

The dip, of the bedding plains, tend to influence the migration pathways at and to the
water table. The numerous joints and faults effect vertical migration, with weathering
occurring in the joints and faults. The Tank Farm evidences two locals of considerable
joints that dip at approximately two hundred (200°) degrees south, or perpendicular to
the bedding plains of the Ponce Limestone. These areas are located on the second string
of the Phase I soil borings. The first zone of jointing was show in the Tank Farm west-
central soil borings at PD-24, PD-19, PD-20 and PD-21. The second zone of jointing
was show in Tank Farm east-central soil borings at PD-28 and PD-29. The joint surface
trace can been viewed in both the outcrops and on the Tank Farm roadway.

The 18 to 22° dip of the Ponce Limestone effects the horizontal pathways at the water
table, This feature was evidenced at PD-17, PD-18, and PD-25. Small cavities of a soft
"calcite gel” four to seven feet in height were encountered at the water table. The
cavities at PD-17 and PD-18 were each filled with approximately 25 sacks of filter pack
gravel. The cavity at PD-25 required approximately ten cu. yds. of gravel to be filled.

These cavities should not be viewed as phreatic caves as: 1) they were filled with a
"calcite gel"; 2) they were only evidenced at PD-17, PD-18 and PD-25; and 3) "heaving
sands” are predominant through out the Ponce Limestone. The cavities found at PD-17
and PD-18 are similar with a four to four and a half foot height, "heaving sands" and
both requiring twenty-five sacks of gravel to filter pack the piezometer screen. This may
be a single area of very soft “calcite gel". The cavities are most likely a localized
solution mechanism of recharge and discharge, but may possibly be a chemical
mechanism as these piezometers are confirmed to contained free-phase product.

The dip of the Ponce Limestone along with weathering effects have resulted in a
relatively horizontal water table that cuts across the bedding plains. The water table in
the Ponce Limestone was generally encountered at two to five feet above mean sea level.
The formation often showed "heaving sands” at or just below the point of saturation.
This was evidenced in every scil boring, drilled in the Ponce Limestone, during the
Phase I: Subsurface Oil Investigation. The widespread "heaving sands" is indicative of
diffuse-flow pathways and the aquifer should act as a homogeneous, isotropic porous
media (Applied Hydrology, Fetter, 1988).

The Ponce Limestone aquifer consistently was encountered near sea level, except at PD-
13. The soil boring PD-13 lithology is typical of the Ponce Limestone, but the saturated
zone is an anomaly compared to all other borings in the Ponce Limestone, The saturated
zone was encountered at thirteen feet below land surface in PD-13. This saturated zZone,
at PD-13, is a "perched aquifer" above the normal water table surface. The
potentiometric level measurements collected on September 27, 1994, also indicate PD-13
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as an outlier. The recharge source for PD-13 has not been identified at this point in
time.

4.3  Waste Management and Disposition

The drummed drill cuttings and decontamination wastes generated during the Phase I:
Subsurface Oil Investigation are being stored on-site in an environmentally safe manner
until proper disposal. CORCO will collect representative samples from the stock-piled
waste soils and waters and analyze for selected volatile, semi-volatile and metals. The
results of the analyses will be used to select an appropriate disposal option. The
generated wastes are being stored on-site in labeled containers. The label is written in
permanent metal marker and has the name of the generator and description of the
contents of the waste generated.

5.0 GROUNDWATER ASSESSMENT

The groundwater assessment for the Phase I: Subsurface OQil Investigation is primarily
concerned with finding the presence and volume of free-phase product on the water table
at the CORCO Facility. The validation of free-phase product, in the soil borings that
indicated product, followed the development of the piezometer development.

The level measurements were collected following a substantial rainfall after a long period
of severe drought. The infiliration/precipitation at the site may have distorted the static
levels during this level measurement program. The free-phase product and static water
levels will be confirmed in the next level measurement.

The level measurements indicate a large hydraulic ridge trending northwest to southeast.
The ridge extends from piezometer PD-31 to PD-7. The level measurements of the
potentiometric surface range from 7.09 to 18.81 ft ms]. The potentiometric measurement
at PD-13 was the highest point on the hydraulic ridge. This piezometer is screened in
a "perched aquifer” above the water table.

The collected survey and fluid level monitoring data was utilized for basic groundwater
characterization, at the CORCO Facility. The ground water parameters discussed in this
section are flow direction, gradient, velocity, and hydraulic conductivity.

5.1  Survey Methodology

At piezometer well completion, the location and elevation of the piezometer wells relative
to a standard datum was established. The piezometer wells were accurately located and
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referenced to a vertical datum by a licensed surveyor in the Commonwealth of Puerto
Rico.

The Phase I: Subsurface Qil Investigation piezometers were surveyed to meters above
mean sea level. The survey data was converted to feet above mean sea level using the
constant of 0.3048 feet per meter. The ground surface and piezometer pad elevations
were converted to ft. msl using the same constant. The survey data was converted to ft.
msl to keep the measurement and reporting units constant as drilling was recorded in ft.
bls and static measurements were collected in 0.01 ft. increments.

The piezometer locations were surveyed from a standard reference Facility Grid Point
and established USGS datum point. The licensed surveyor also surveyed the piezometer
Top of Casing (TOC) elevations, the well pad elevations, and elevation of the
undisturbed land surface adjacent to the newly installed piezometer wells. The difference
between these two elevations is equal to the amount of casing stickup for each piezometer
well.

The piezometer wells were surveyed vertically and horizontally at three (3) points.
These survey points are as follows:

1. ground surface due north;
2. pad surface due north and adjacent to the well casing; and
3. Top-of-Casing (TOC) due north.

The NORTH Top-of Casing (TOC) reference point serves as the precise reference point
on the Phase I: Subsurface Oil Investigation piezometer wells.

5.2  Fluid Level Monitoring

On September 9, 1994, CORCO started the piezometer well development for all thirty-
two piezometers installed during the Phase I: Subsurface Oil Investigation. The
development of the thirty-two piezometers was completed on September 24, 1994
(reference Appendix C). The developed piezometers were allowed to equilibrate seventy
two (72) hours prior to level measurements. The level measurements were conducted
on September 27, 1994. All thirty-two (32) piezometers, eight (8) Site Assessment
monitor wells, and six (6) M.1.S. Area monitoring wells were measured using an
Oil/Water Interface Probe. The Oil/Water Interface probe was utilized to validate the
presence of Free-Phase hydrocarbons with in the piezometers listed above.

This section describes the methodology that was used during the piezometer development
and the collection of groundwater and product level measurements from all wells at the
CORCO Facility. Field measurements of pH, temperature and specific conductivity were
recorded. All sampling and analytical methods were conducted in accordance with EPA
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SW-846: Test Methods For Evaluating Solid Waste. Prior to use, the conductivity and

pH meters were calibrated in accordance with manufactures recommendations and
procedures established in SW-846,

The condition of the protective cover, well casing and surface pad were assessed and if
the well conditions were not to the recommended RCRA Groundwater Monitoring
Technical Enforcement Guidance Document (TEGD-U.S. EPA, 1986) standards, this was
recorded in the field logs. The area around the well head and purge water container was
covered with disposable plastic sheeting to avoid possible release of contaminated waters
to the ground surface.

Prior to sampling, the fluid level measurement of total depth (TD) for each well was
conducted and compared to the well completion data sheets in order to confirm well
integrity and rate of sedimentation with in each well. All measurements were recorded
to the nearest hundredth (0.01) of a foot and referenced to a marked location on the well
casing. The static water level measurements were collected by interface probe or an
electric line probe (E-line). The interface probe was utilized to determine if there was
a LNAPL layer within the well system. These instruments were the only non-dedicated
equipment to enter the wells.

Each well was then developed (evacuated) to remove stagnant non-representative waters
and sediments from the screened well facie. The procedures for well development were
as follows:

1. After determining the depth to groundwater from top of casing (TOC), the volume of water
to be evacuated from the well will be calculated by using the following steps:

Determine the height of the column of fluid in the well by taking the difference
between the value of TOC and TD.

Determine the area of the well-bore using the following formula:
Area = nr?
where:
n=314
T is the radius of the well bore (in feet)
Determine the borehole volume in gallons using the following formula:
Volume = (7.48)(HA)

where:
7.48 is the factor for converting cubic feet to gallons

H is the height of the column of water (in feet)
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A is the area of the well bore (in square feet)

Multiply by 3 or S to determine minimum well bore volumes in gallons.
(a minimum 5 well bore volumes to develop the well)
{2 minimum 3 well bore volumes 10 purge the well)

A quick method of conversion is:
One Casing Volune (gallons) = H x (gal/ft of water)
Conversions from well diameter to gal/ft of water are:

2" well = 0.17 gal/ft 4" well = 0.66 gal/ft
6" well = 1.5 galift 8" well = 2.6 gal/ft

2, Once the volume of water to be evacuated is calculated the area around the well is prepared
for purging of the wells. The ground surface, between the well head and development water
barrel, is covered with 4 ml mylar and bermed (approximately 4 ft by 4 ft). Each well may
be supplied with dedicated bailers and bailer rope.

3. Temperature, pH and specific conductivity will be measured in the field during the
development process. A measure of each parameter will be recorded for each well volume
of fluid removed. If a well is purged to dryness then it will be deemed not necessary to
evacuate the total number of well volumes.

The time, volume, pH and specific conductance of the purged volumes of water was
recorded in the field logs. After sufficient time to allow the well recovery, the static
fluid levels (hydraulic head) was again measured with an interface probe or E-line. When
the well had been allowed to recovered to the approximate static water level, three days,
the well was measured for free-phase product.

The measuring equipment was decontaminated between each well use to prevent possible
cross-contamination. Decontamination consisted of a phosphate-free detergent wash
followed by a potable water rinse then a rinse with de-ionized water.

53 Groundwater Characterization

Earlier site assessment work discovered the existence of free-phase product on the water
table within the fractured matrix of the Ponce Limestone. A previous investigation
within the northwest portion of the facility, conducted by Roy F. Weston, Inc. (1989),
encountered free-phase product during an Environmental Impact Statement investigation.
The study was conducted at the proposed Modular Incineration Systems, Inc. site (MIS)
Area, which is located due north of Tank 965 and Tank 956.

A number of wells have been installed at the CORCO Facility during various subsurface
investigations. To date, forty-six (46) piezometers and monitoring wells have been
installed at the CORCO facility. In September, 1994, CORCO conducted the piezometer
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well development for the thirty-two installed piezometers. The thirty-two (32)
piezometers, eight (8) Site Assessment monitor wells, and six (6) M.1.S. Area monitoring
wells were measured using an Oil/Water Interface Probe. The Oil/Water Interface probe
was utilized to validate the presence of Free-Phase hydrocarbons with in all piezometers
and monitoring wells installed at the CORCO Facility.

The MIS Area field level measurements were collected between the period of 10:40 AM
and 11:27 AM. The Phase I: Subsurface Oil Investigation piezometers field level
measurements were collected between the period of 8:15 AM and 11:38 AM. The
Eastern Lagoon field monitoring wells level measurements were collected between the
period of 12:15 AM and 12:25 AM. The Western Lagoon monitoring wells field level
measurements were collected between the period of 11:49 AM and 12:15 AM on
September 27, 1994,

The level measurements were collected following a rainfall of approximately three (3)
inches after a substantial period of drought. The infiltration/precipitation at the site may
have distorted the static levels during this level measurement program. The free-phase
product and static water levels will be confirmed in the next level measurement.

5.3.1 Groumdwater Flow Direction

The level measurements for the thirty-two piezometers, six MIS Area monitoring wells
and eight RCRA monitoring wells were collected on the morning of September 27, 1994.
The measurements were collected within a five (5) hour period so that tidal influences
would not impact the data. The collected level measurements are tabulated in Table 4
and the data collection sheets are contained in Appendix C.

The level measurements were reduced to ft. msl to construct a potentiometric surface
map of the CORCO Facility. The monitoring wells and piezometers that had free-phase
product were corrected using a specific gravity of 0.90 for the product. The corrected
measurements were then plotted as Figure 10, Potentiometric Measurement Map
(09/27/94). The groundwater fl:w is assumed to be steady-state, flow is assumed to be
laminar and Darcy's Law is assumed to be valid. These assumptions were made to
generate the September 27, 1994 potentiometric surface at the Facility.

The potentiometric surface ranges from a level of -0.87 to 18.81 ft, msl. The standard
level was between two and five ft. above msl. The level measurement at PD-13 was
recorded at 18.81 ft. msl. This potentiometric level is an outlier. This piezometer well
is screened from eight to twenty-eight (8 to 28) ft. bls in a perched aquifer. The static
measurement at PD-13 was wutilized in construction of the potentiometric surface as it is
believed to be relevant to the characteristics of the water table. The level measurements
at PD-13 also agrees with a hydraulic ridge trending northwest to southeast across the
facility.
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The complex potentiometric surface, at the CORCO Facility, indicates several
groundwater flow directions. The groundwater flows southeast towards Guayanilia Bay,
northeast towards Tank Farm Central Area, and northwest towards the Tank Farm
Central Area. The potentiometric measurements were plotted using a groundwater
modeling program. These plots are Figure 12: X-Y Potentiometric Measurement Map
and Figure 13; XY-Z Potentiometric Measurement Map. The model was used to verify
the complex groundwater flow patterns across the facility.

A large hydraulic ridge is present trending northwest to southeast. The hydraulic ridge
extends from PD-31 to PD-7. The level measurements of the ridge range from 7.09 to
18.81 ft msl. The potentiometric level measurement, on the northwest to southeast
hydraulic ridge, were PD-31 at 7.09 ft. msl, PD-19 at 10.60 ft. msl, PD-13 at 18.81 ft.
msl, and PD-7 at 7.18 ft. msl. The data from piezometer well PD-13 was utilized even
though the piezometer is screened in a perched aquifer. None of the wells in the
hydraulic ridge had any recordable free-phase product.

The groundwater in the hydraulic ridge flows from the west to the northeast towards the
Tank Farm Central Area in the Ponce Limestone. The groundwater flowing from the
east to northwest direction, in the Ponce Limestone, may be due to mounding at the
interface between the Ponce Limestone and the Alluvial formation. The road base of
Route 127 may also be acting as an aquitard in the upper reaches of the water table at
the CORCO Facility.

5.3.2 Groundwater Gradient

The hydraulic gradient, at the CORCO Facility, has been calculated for three
groundwater flow directions. These flow directions are as follows:

Southeast towards Guayanilla Bay;
Northeast towards Tank Farm Central Area; and
Northwest towards the Tank Farm Central Area.

The hydraulic gradient is defined as the change in static head per unit distance in a given
direction. The hydraulic gradient defines the direction of flow. The hydraulic gradient
is calculated from wells with intermediate water levels (Heath, U.S.G.S. Paper 2220,
1989).

The groundwater gradient is calculated from the static level measurements of piezometers
PD-10, PD-11 and PD-2 for the groundwater flow direction of southeast towards
Guayanilla Bay. The up-gradient wells, for the southeast groundwater flow direction,
are PD-10 and PD-11 and the down-gradient well is PD-2. The level measurements are
2.13, 3.90, and 1.08 fi. ms!, respectively. The distance between PD-10 and PD-2 is
678.73 ft., and the distance between PD-11 and PD-2 is 1,059.86 ft. The change in head
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between PD-2 and PD-10 is 1.05 ft., and between PD-11 and PD-2 is 2.82 ft. The
calculated hydraulic gradient from PD-10 to PD-2 is 1.55 x 107 fi/ft, and from PD-11
to PD-2 is 2.66 x 10” f/ft. The average calculated hydraulic gradient, for the southeast
groundwater flow direction, is 2.08 x 102 fi/ft.

The groundwater gradient is calculated from the static level measurements of piezometers
PD-31, PD-19 and PD-25 for the groundwater flow direction of northeast towards the
Tank Farm Central Area. The up-gradient wells, for the southeast groundwater flow
direction, are PD-31 and PD-19 and the down-gradient well is PD-25. The up-gradient
piczometers PD-31 and PD-19 are located in the hydraulic ridge. The level
measurements for PD-31, PD-19 and PD-25 are 7.09, 10.60, and 3.38 fi. msl,
respectively. The distance between PD-31 and PD-25 is 1,415.80 ft, and the distance
between PD-19 and PD-25 is 724.40 fi. The change in head between PD-31 and PD-25
is 3.71 ft., and between PD-19 and PD-25 is 7.22 ft. The calculated hydraulic gradient
from PD-31 to PD-25 is 2.62 x 10° ft/ft, and from PD-19 to PD-25 is 1.00 x 10 fi/ft.
The average calculated hydraulic gradient, for the northeast groundwater flow direction,
is 1.00 x 102 fu/ft.

The groundwater gradient is calculated from the static level measurements of piezometers
PD-16, PD-28 and PD-27 for the groundwater flow direction of northwest towards the
Tank Farm Central Area. The up-gradient wells, for the southeast groundwater flow
direction, are PD-16 and PD-28 and the down-gradient well is PD-27. The level
measurements are 4.70, 4.81, and 3.54 ft. msl, respectively. The distance between PD-
16 and PD-27 is 656.58 ft., and the distance between PD-28 and PD-27 is 446.82 fi.
The change in head between PD-16 and PD-27 is 1.16 ft., and between PD-28 and PD-
27 is 1.27 ft. The calculated hydraulic gradient from PD-16 to PD-27 is 1.77 x 107 fuft,
and from PD-28 to PD-27 is 2.84 x 102 fi/ft.

The average calculated hydraulic gradient, for the northwest groundwater flow direction,
is 2.30 x 10° fft. The average hydraulic gradient uses the calculated northwest
groundwater flow direction, which is steepened due to the hydraulic ridge.

5.3.3 Hydraulic Conductivity

The hydraulic conductivity is a measure of a materials ability to transmit water. The
conductivity for the Ponce Limestone aquifer is an estimate based on hydrometer/sieve
analysis using geotechnical methodology ASTM 63 D422 (rev. 1990). The particle
distribution was evaluated on the first and third string of Phase I soil borings. Three
lines trending north-south were chosen at the east, central and west sections of the
facility. A sample was randomly selected, from the list of samples to be analyzed, from
the saturated zone of six soil borings. There was hydrometer/sieve data on five of the
six selected soil samples from the aquifer of the Ponce Limestone.
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The hydraulic conductivity (K) is estimated from the particle size distribution using the
Hazen formula:

K= A(dm)z

where:
“d, is equal to the effective grain size, which is that grain size diameter at which
10 percent by weight of the particles are finer and 90 percent are coarser (Freeze
and Cherry, 1979)

A is equal to 1.0 when K is in units of cm/sec and d,, is in mm.

The following is a list of the sample point, depth below ground surface and analytical d,,
results used to estimate the hydraulic conductivity at the CORCO Facility:

Sample
Point
PD-10
PD-14 | 4042 001 |
PD-17 | 4446 N/A
PPD-?:I 105-107 0.1
| pp2s | 17017 0.1

Iﬂ PD-29 120-122 0.01 i

The conversion constant of 2,835 ft/day was used to convert hydraulic conductivity units
reported in cm/sec to ft/day. The estimated hydraulic conductivity across the CORCO
Facility ranges from 28.35 ft./day to 283.5 ft./day. This estimate is acceptable as the
resulting conductivity values only vary a magnitude between all results calculated.

The estimated conductivity will be verified by analyzing the pumping rate from recovery
wells at the MIS Area. The field data collection is scheduled to start in carly November
1994. This data collection will give actual hydraulic values for the Ponce Limestone in
the northwest Tank Farm Area. The field data will be pumpage rate, draw-down and
possibly the cone of influence. Data reduction will yield Hydraulic conductivity,
storativity and transmissivity of the Ponce Limestone in the MIS Area.
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5.3.4 Groundwater Velocity

The groundwater velocity is directly related to hydraulic gradient. The average linear
velocity (v) of the groundwater at the CORCO Facility was calculated using Darcy's
Law. Darcy's Law is as follows:

where:
K is the hydraulic conductivity (length/time)
i is the hydraulic gradient (length/length)
n. is the effective porosity

The values derived from the hydraulic estimates calculated for the Ponce Limestone
aquifer are the values utilized to estimate the groundwater velocity. These values are:

K = 28.35 ft./day to 283.5 ft./day
i =2.30x 103 fi/ft.
n =10

The effective porosity for water is 1.0 using the assumption that all pores in a sediment
are inter connected (Fetter, 1989). The estimated groundwater velocity ranges from 0.07
to 0.65 ft./day in the Ponce Limestone aquifer at the CORCO Facility.

5.4  Extent of Free-Product on Groundwater

The vertical positions of the well screens were based on the physical/chemical
characteristics of a hydrocarbon product. The lengths of the well screens were based on
the approved Phase I: Subsurface il Investigation Work Plan (Weston, 1990). The
hydrocarb ns act as Light Non-Aqueous Phase Liquids (LNAPL's) that migrate in the
capillary zone just above the water table. The piezometer wells are screened five (5) feet
in the capillary fringe and fifteen (15) feet into the water table. This configuration
should allow detection of the free-product during periods of minimum and maximum
elevations of the water table.

The start date for the Well Development Program for the Phase I: Subsurface Oil
Investigation was on September 9, 1994 with completion on September 24, 1994. The
developed piezometers were allowed to equilibrate seventy two (72) hours prior to level
measurements. The thirty-two (32) piezometers, eight (8) Site Assessment monitor wells,
and six (6) M.1.S. Area monitoring wells were then measured using an Oil/Water
Interface Probe. The level measurements were conducted on September 27, 1994
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between the hours of 8:15 AM and 12:27 PM. Two crews were utilized to collect the
level measurements between periods of possible tidal influence.

Thirty-two (32) piezometers were installed at the CORCO Facility during the Phase I:
Subsurface Oil Investigation. The piezometers that had indications, during installation,
of free-product are listed below:

PD-4, PD-9, PD-10, PD-11, PD-12, PD-14, PD-15, PD-16, PD-17, PD-18, PD-
20, PD-23, PD-25, PD-26, PD-27, PD-28, PD-29, PD-30, PD-31 and PD-32.

The Oil/Water Interface probe was utilized to validate the presence of free-product within
the piezometers listed above. Concurrent with the piezometer level analysis, the
Oil/Water Interface Probe was utilized to validate the presence of Free-Phase and/or
liquid level at the six (6) monitoring wells at the M.I.S. Area and the eight (8) Site
Assessment monitor wells.

During the field level measurements the following piezometers that had prior indications
of free-phase product during installation did not have any free-phase product as
measured, on September 27, 1994, with an oil/water interface probe: PD-12, PD-29, PD-
30, and PD-31 (refer to Table 4, Level Measurements).

The estimation of free-product at the CORCO Facility has been derived from field
measurements collected by field personnel. The field measurements were collected using
oil/interface probes. The field measurements were collected on the morning of
September 27, 1994. The measurements were collected within a five (5) hour period so
that tidal influences would not impact the data.

The free-phase product level measurements data was reduced and plotted as a product
isopach. The data reduction is the measurement from TOC to the product level minus
the measurement from TOC to static water level. The measured product levels were then
plotted as an isopach. The isopach indicates that there are five (3) areas of free-phase
product at the CORCO Facility. These areas of Free-phase product are designated as:
the MIS Area, the Tank Farm West Area, the Facility South Area, the Tank Farm
Central Area, and the Process Area (refer to Figure 5, Product Ysopach 09/27/94).

5.4.1 Extent of Groundwater Impact

The extent of the groundwater impact from free-phase product is estimated from the
amount of product measured in the monitoring wells and piezometer wells at the CORCO
Facility on September 27, 1994. The level measurements were collected following a
rainfall of approximately three (3) inches after a substantial period of drought. The
infiltration/precipitation at the site may have distorted the in-situ product levels during
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this level measurement program. The free-phase product and static water levels will be
confirmed in the next level measurement.

The field level measurements were collected on the morning of September 27, 1994,
The measurements were collected within a five (5) hour period so that tidal influences
would not impact the data, -

The MIS Area field level measurements were collected between the period of 10:40 AM
and 11:27 AM. The Phase I: Subsurface Oil Investigation piezometers field level
measurements were collected between the period of 8:15 AM and 11:38 AM. The
Eastern Lagoon field monitoring wells level measurements were collected between the
period of 12:15 AM and 12:25 AM. The Western Lagoon monitoring wells field level
measurements were collected between the period of 11:49 AM and 12:15 AM on
September 27, 1994.

The MIS Area monitoring wells showed free-phase product levels ranging from non-
detect to 10.20 feet. The largest layer of free-phase was detected in monitoring well
MW-05, with 10.20 feet. MW-01 and MW-02 did not show any free-phase product.
Monitoring wells MW-03, MW-04, and MW-06 exhibited free-phase levels of 8.63 ft.,
6.96 ft., and 7.98 ft., respectively.

The Tank Farm West Area had free-phase product levels that ranged from non-detect to
10.23 ft. Piezometer PD-11 had the greatest amount of product at a thickness of 10.32
ft. Piezometer wells PD-30, PD-31, PD-24, PD-12, PD-3, PD-2 and PD-1 did not
contain any free-phase product as measured by the oil/water interface probe. Monitoring
well WL-1 contained 0.62 ft. of free-phase. The piezometer wells PD-9 and PD-23 had
9.71 ft. and 9.35 ft., respectively. Piezometer PD-10 had 10.23 ft. of product.

The Facility South Area had only one piezometer that showed free-phase product. This
piezometer was PD-4 with 12.06 ft. of product.

The Tank Farm Central Area piezometer wells showed free-phase product levels ranging
from non-detect to 10.15 feet. The largest layer of free-pl ase was detected in piezometer
PD-26, with 10.15 feet. Piezometer wells PD-19, PD-24, PD-12, PD-13, PD-3, and
PD-21 did not contain any free-phase product as measured by the oil/water interface
probe. Piezometer weils PD-20, PD-25, and PD-32 showed free-phase product levels
of 8.34 ft., 9.20 ft., and 9.92 ft., respectively.

The Process Area piezometers had free-phase product levels that ranged from non-detect
to a high of 9.13 ft. of product. The high was measured in PD-27. Piezometer wells
PD-19 and PD-22 did not show any free-phase as measured by the oil/water interface
probe. The piezometers PD-14, PD-17, and PD-18 had free-phase levels of 0.65 ft.,
3.47 fi., and 3.59 ft., respectively. The piezometers PD-15, PD-16, and PD-28 showed
product levels of 9.08 ft., 7.60 ft., and 7.96 ft., respectively.,
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5.4.2 Product Characterization

The product at the CORCO Facility has been characterized by analyzing material
collected during the Phase I: Subsurface Oil Investigation. The collected product was
submitted to and analyzed by the Puerto Rico Oil Laboratory (PROLAB) at the CORCO
Facility. The analyses preformed, by PROLAB, on the product was; IBP Distillation,
Reid Vapor Pressure (R.V.P.), A.P.1. Gravity, Sulphur Weight %, Aromatics Volume
% , Benzene Weight %, and Heating Value Gross in BTU/Lb. The analyses, conducted
by PROLAB, indicates the product is mixture of Solvents - Gasoline - Heavy Gas Oil -
Lubricating Oil.

The product was collected during the Phase I: Subsurface Oil Investigation soil boring
and piezometer installation. When a free-phase product was encountered during the
drilling of the soil borings, it was always at the water table. Various volumes of product
would be pulled up-hole while removing the drill stem from the augers. The product
ranged from “gasoline” to a "muddy slush” type material. The product was collected in
a five gallon bucket, strained and immediately placed in a one liter glass sample bottle.
The free-phase product sample was then delivered to PROLAB. The time period from
product collection to deliver to the laboratory was less than twenty minutes (< 20 min.).

The analyses preformed, by PROLAB, on the product was: IBP Distillation, Reid Vapor
Pressure (R.V.P.), A.P.I. Gravity, Sulphur Weight %, Aromatics Volume %, Benzene
Weight %, and Heating Value Gross in BTU/Lb. The PROLAB results are as follows:
the IBP Distillation Curve ranges from 100 to 310; the R.V.P. Reid Vapor Pressure
ranges from a low of 0.0 t0 9.7 (Lb./sq. in.); the A.P.I. Gravity had, at 60° F, ranges
from 32.7 to 71.6 °API; the Sulphur weight, measured as a percent volume, ranged from
0.001 to 0.33 %; the Aromatics volume, measured as a percent volume, ranged from
15.6 to 82.1 %; the Benzene weight, measured as a percent volume, ranged from 2.10
to 34.70 %; and the Heating Value Gross was analyzed for two samples, the results were
approximately 19,8000 BTU/Lb. The PROLAB results are tabled in Table 6, Product
Characterization. '

The PROLAB analyses indicate the free-phase product is a mixture of crude pe‘roleum
fractions. The product mixture ranges from the light gas fractions to heavier lubricating
oils, depending on the sample location. The IBP Distillations show that the majority of
the product sampled is a blend of diesel and gasoline. The sample collected from boring
PD-4 contained the heavier crude fractions, and therefore indicates a different source
area.

5.4.3 Product Mass-Balance

The Product Mass-Balance for the CORCO Facility is an approximation. The product
mass-balance is derived from one (1) level measurement event. This event followed a
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period of substantial rainfall at the site. The mass-balance will be *fine tuned" following
the next level measurement collected at the facility.

The MIS Area has a square footage of 263,034 ft.>. The Tank Farm West Area has a
square footage of 422,727 ft.2. The Facility South Area has a square footage of 119,086
ft.2. -The Tank Farm Central Area has a square footage of 595,227 ft.2. The Process
Area has a square footage of 1,189,887 ft.2. This is a total square footage of 2,562,961
ft* that has free-phase product at the CORCO Facility.

The total area was determined between the contour intervals for each free-product plume
at the facility. These intra-plume areas were multiplied by the average thickness of the
product within each contour interval. This resulted in a volume, measured in cubic feet,
for each contour interval for each of the five areas of free-phase product at the CORCO
Facility.

The Product Mass-Balance for the CORCO Facility is an approximation based on 30%
porosity and 100% permeability. The product volume as caiculated in cubic feet, within
the five areas of free-phase product, was further reduced to give a volume in barrels of
free-phase product. This calculation was performed using the constants of: 7.4805
gallons per cubic foot (7.4805 gal./f’) and forty two gallons per barrel (42 gal./barrel).
This series of calculations resulted in approximate volumes of free-phase product in the
five areas of free-phase product at the facility. The inter-contour volume results were
produced in this calculation.

The volume of free-phase product, in the five areas, at the CORCO Facility is as
follows:

The MIS Area contained 83,551 barrels of free-phase product;

The Tank Farm West Area contained 311,694 barrels of free-phase product;
The Facility South Area contained 26,481 barrels of free-phase product;

The Tank Farm Central Area contained 379,865 barrels of free-phase product;
and

The Process Area contained 577,759 barrels of free-phase product.

The calculations and the results of the product mass-balance are shown in Table 5 In
Situ Oil Mass-Balance. The table shows the inter-contour area and the inter-contour
volumes in gallons and barrels. The total volume of free-phase product, at the CORCO
Facility, is 1,379,351 barrels of product.

5.5  Waste Management and Disposition

The drummed drill cuttings and decontamination wastes generated during the Phase I:
Subsurface Oil Investigation are being stored on-site in an environmentally safe manor
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until proper disposal. CORCO will collect representative samples from the stock-piled
waste soils and waters and analyze for selected volatile, semi-volatile and metals. The
results of the analyses will be used to select an appropriate disposal option. The
gencrated wastes are being stored on-site in labeled containers. The label is written in

permanent metal marker and has the name of the generator and description of the
contents of the waste generated.
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IIl. CONCLUSIONS AND RECOMMENDATIONS

1.0 CONCLUSIONS

The Phase I: Subsurface Oil Investigation stems from the 1990 Settlement Agreement
between the U.S. EPA and Commonwealth Oil Refining Company. The purpose for the
location and placement of soil borj /piezometer wells was to develop a Facility wide
information data base to determine the presence of free-phase product.

The boring locations of the Phase I: Subsurface Oil Investigation are based on data
derived from previous investigations at the CORCO Facility and the EPA approved
Weston Work Plan. The previous investigations at the CORCO Facility were conducted
by Versar, Inc. (1986), Roy F. Weston, Inc. (1989), and GDC Engineering, Inc. (1994).
The soil boring locations were made to complement data gathered from the previous
investigations and gather enough data to form a facility wide subsurface data base.

The Phase I: Subsurface Qil Investigation was initiated in May 1994 to determine the
presence and volume of free-phase product at the CORCO Facility. The Phase I:
investigation involved drilling thirty-two (32) soil borings fifteen feet into the uppermost
aquifer at the site, the installation of thirty-two (32) piezometers and fluid level
measurements at the CORCO Facility. Soil samples were collected and submitted to
Analytical Laboratory for geotechnical characterization. Light-Non-Aqueous Phase
Liquids (LNAPL) oi! samples were collected and submitted to a Petroleum Laboratory
for product characterization.

The site specific lithology as determined by previous subsurface investigations conducted
at the CORCO facility consists of Quaternary Alluvial Deposits and the Tertiary Ponce
Limestone formations. These formations were the lithographic units of interest during
the Phase I: Subsurface Qil Investigation.

The formations are described in Phase I- Subsurface Oil Investigation Report Section 4.2
- Site Specific Lithology, Section 4.2.1 Quaternary Alluviai Deposits, and Section 4.2.2 -
Tertiary Ponce Limestone.

The aquifer system in both the Quaternary Alluvial Deposits and the Tertiary Ponce
Limestone is evidenced to be acting under water table conditions. The aquifer system
Wwas consistently encountered at or near mean sea level. The potentiometric surface
generally shows a flat gradient flowing southward towards the Guayanilla and Tallaboa
Bays.

It was evidenced during the investigation that there are natural structural features of the
Ponce Limestone that influence the potentiometric surface at the CORCO Facility. These
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structures are: 1) a perched aquifer at PD-13; 2) a northwest to southeast trending
hydraulic ridge; 3) a mounding effect at the interface of the Ponce Limestone and the
Alluvial Deposits; and 4) three small cavities.

The dip of the Ponce Limestone and weathering effects have resulted in a relatively
horizontal water table that cuts across the bedding plains. The water table in the Ponce
Limestone was generally encountered at two to five feet above mean sea level. The
formation often showed "heaving sands" at or just below the point of saturation. This
was evidenced in every soil boring drilled in the Ponce Limestone during the Phase I:
Subsurface Oil Investigation. The widespread "heaving sands” is indicative of diffuse-
flow pathways and the aquifer should act as a homogeneous, isotropic porous media
(Applied Hydrology, Fetter, 1988).

The Ponce Limestone aquifer consistently was encountered near sea level, except at PD-
13. The soil boring PD-13 lithology is typical of the Ponce Limestone, but the saturated
zone is an anomaly compared to all other borings in the Ponce Limestone. The saturated
Zone was encountered at thirteen feet below land surface in PD-13. This saturated zone,
at PD-13, is a "perched aquifer” above the normal water table surface. The
potentiometric level measurements collected on September 27, 1994, also indicate PD-13
as an outlier. The recharge source for PD-13 has not been identified at this point in
time.

A large hydraulic ridge trending northwest to southeast is present at the CORCO Facility.
The hydraulic ridge extends from PD-3] to PD-7. The level measurements of the ridge
range from 7.09 to 18.81 ft msl. The data from piezometer well PD-13 was utilized
even though the piezometer is screened in a perched aquifer. None of the wells in the
hydraulic ridge had any recordable free-phase product.

The groundwater in the hydraulic ridge flows from the west to the northeast towards the
Tank Farm Central Area in the Ponce Limestone. The groundwater flowing from the
cast to northwest direction, in the Ponce Limestone, may be due to mounding at the
interface between the Ponce Limestone and the Alluvial formation. The road base of
Route 127 may also be acting as an aquitard in the upper reaches of the water table at
the CORCO Facility.

The road, Route 127, bisects the CORCO Facility on an east to west bearing. The
roadway is built on/at the interface between the Ponce Limestone and Alluvial Deposits.
Route 127 is built on the Alluvial flats and follows the contour of the Ponce Limestone
hill-sides. The road base has been raised above the surrounding land surface
approximately one foot. The road is the main route for heavy equipment and traffic in
and through the Petrochemical Complex. The presence of this roadway is significant as
it appears to impact the geohydrology at the CORCO Facility by causing the
potentiometric surface to form a mound at the interface between the Ponce Limestone and
the Alluvial Deposits.
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The dip, of the Ponce bedding plains, also influences the migration pathways at and to
the water table. The 18 to 220 dip of the Ponce Limestone effects the horizontal
pathways at the water table. This feature was evidenced at PD-17, PD-18, and PD-25.
Small cavities of a soft "calcite gel" four to seven feet in height were encountered at the
water table. These cavities are not regarded as phreatic caves because: 1) they were
filled-with a "caicite gel”; 2) they were only evidenced at PD-17, PD-18 and PD-25; and
3) "heaving sands" are predominant through out the Ponce Limestone.

The cavities found at PD-17 and PD-18 are similar in that they exhibit a four to four and
a half foot height, "heaving sands" and required twenty-five sacks of gravel to filter pack
the piezometer screen. This may be a single area of very soft "calcite gel”. The cavities
are most likely a localized solution mechanism of recharge and discharge, but may
possibly be a chemical mechanism as these piezometers are confirmed to contained free-
phase product.

The presence of free-phase product was indicated at a pumber of wells during of drilling
of the soil borings. The piezometer wells were completed, developed and measured to
confirm the presence of free-phase product.

1.1 Free-Phase Product Volume

The extent of the groundwater impact from free-phase product was estimated from the
amount of product measured in the monitoring wells and piezometer wells at the CORCO
Facility on September 27, 1994. The level measurements were collected following a
heavy rainfall of approximately three (3) inches after a substantial period of drought.
The precipitation at the site may have distorted the in-situ product levels during this level
measurement program. The free-phase product and static water levels will be confirmed
during the next level measurement program.

The field level measurements were collected on the morning of September 27, 1994,
The static level measurements were collected within a five (5) hour period so that tidal
influences would not impact the data.

The MIS Area ficld level measurements were collected between the period of 10:40 AM
and 11:27 AM. The Phase I: Subsurface Qil Investigation piezometers field level
measurements were collected between the period of 8:15 AM and 11:38 AM. The
Eastern Lagoon field monitoring wells level measurements were collected between the
period of 12:15 AM and 12:25 AM. The Western Lagoon monitoring wells field level
measurements were collected between the period of 11:49 AM and 12:15 AM on
September 27, 1994.
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The level measurements indicate there are five areas at the CORCO Facility that contain
detectable levels of free-phase product. These areas are: the MIS Area, the Tank Farm
West Area, the Facility South Area, Tank Farm Central Area, and the Process Area.

The product mass-balance is derived from one (1) level measurement event. This event
followed a period of substantial rainfall at the site. The mass-balance will be "fine
tuned” following the next level measurement collected at the facility.

The Product Mass-Balance for the CORCO Facility is an approximation based on 30%
porosity and 100% permeability. The product volume was calculated for the five areas
of free-phase product based on the square footage in each area and the product thickness.
This is a total square footage of 2,562,961 fi? that has free-phase product at the CORCO
Facility. The calculation to give a volume in barrels of free-phase product was
performed using the constants of: 7.4805 gallons per cubic foot (7.4805 gal./f¢) and
forty two gallons per barrel (42 gal./barrel). This series of calculations resulted in
approximate volumes of free-phase product in the five areas of free-phase product at the
facility.

The estimated volume of free-phase product, in the five areas, at the CORCO Facility
is as follows:

The MIS Area contained 83,551 barrels of free-phase product;

The Tank Farm West Area contained 311,694 barrels of free-phase product;
The Facility South Area contained 26,481 barrels of free-phase product;

The Tank Farm Central Area contained 379,865 barrels of free-phase product;
and

The Process Area contained 577,759 barrels of free-phase product.

The total estimated volume of free-phase product, at the CORCO Facility, is 1,379,351
barrels of product.

The product at the CORCO Facility has been characterized by analyzing material
collected (aring the Phase I: Subsurface Oil Investigation soil boring program, The
analyses, conducted by PROLAB, indicates the product is a mixture of Solvents,
Gasoline, Heavy Gas Oil, and Lubricating Qils.

The PROLARB analyses indicate the free-phase product is a mixture of crude petroleum
fractions. The product mixture ranges from the light gas fractions to heavier Iubricating
oils, depending on the sample location. The IBP Distillations show that the majority of
the product sampled is a blend of diese] and gasoline. The sample collected from boring
PD-4 contained the heavier crude fractions, and therefore indicates a different source
area.

CORCO Phase I: Subsurface Off Investigation : November 7, 1994
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2.0 RECOMMENDATIONS

CORCO recommends the generation and initiation of a Phase II: Subsurface Qil
Recovery Workplan for the Commonwealth Oil Refining Company Facility at Penuelas,
Puerto Rico. The proposed workplan will detail the Oil Recovery Systems location,
Recovery System design, and Recovery Well design. The Subsurface Oil Recovery
Workplan will include engineered specifications for product pump rate, percent product
volume reduction calculations, and time required for product volume reduction.

The intent of the Phase II: Subsurface Oil Recovery Workplan is to optimize the recovery
of the free-phase product at the CORCO Facility. CORCO believes that properly
engineered product recovery systems will remove a greater percent of product in a
shorter time period. This will reduce the potential impact to human health and further
impact to the environment.

CORCO recommends that hydraulic parameters of the Ponce Limestone water table be
modeled following an additional static level measurement of the thirty-two (32) Phase I
piezometers, six (6) MIS monitor wells, and eight (8) RCRA monitoring wells. The
groundwater modeling will focus on flow pathways and theoretical particle tracking
methods.

CORCO recommends the recovery of all free-phase product at the facility in the least
amount of time required for efficient recovery of the product. CORCO is presently
installing a free-phase product recovery pump system at the MIS Area for product
recovery. This system is expected to 20 on-line in early November 1994. CORCO
believes the collected data from the MIS Area recovery operations should be evaluated
to optimize recovery of product from all other areas containing product at the facility.

The collected MIS Area recovery data will be useful in the design and installation of
additional recovery systems for the Ponce Limestone aquifer. CORCO feels that the
usage of a numeric computer modeling will augment the present knowledge of the aquifer
system at the facility. The modeling procedures will also allow engineering recovery of
product in the shortest time frame .

CORCO proposes to use the pump and treat process as it is one of the most common free
product recovery technologies used at sites to both contain and recover a free-phase
product. The free product pumping technique will involve the manipuiation and
management of groundwater to remove the free-phase product plume and to adjust
groundwater levels to prevent the migration of the free-phase product plume.

The usage of extraction wells alone js best suited when: contaminates are miscible and
move readily with the groundwater, the hydraulic gradient is steep, the hydraulic
conductivity is high, and a quick cleanup is not necessary. These conditions are not
present at the CORCO Facility. The best available technology for quick product removal

CORCO Phase I: Subsurface Oil Investigation ‘ : November 7, 1994
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at water table conditions is a combination of extraction and injection wells. The use of
combined extraction and injection wells is recommended for sites were the hydraulic
gradient is relatively flat and hydraulic conductivity is moderate to low (Fetter, 1990).

The use of pump systems are highly site specific. The aquifer characteristics, chemical
characteristics and non-aqueous phase liquids (NAPLS) limit chemical and groundwater
flow to extraction wells. The Ponce aquifer should be analyzed by numeric model before
installing recovery wells and Tecovery systems to optimize recovery actions.

2.1 Groundwater Modeling

The water table at the CORCO Facility is acting under a number of structural influences
from the Ponce Limestone formation. The hydraulic reactions are a potentiometric
mounding and a hydraulic ridge. The use of computer modeling will allow insight into
the controlling parameters of the water table at the CORCO Facility. The aquifer system
dynamics will be formulated to improve understanding of the Ponce aquifer.

The modeling of the CORCO Facility aquifer will allow predictive applications to assess
the consequences of proposed actions. The aquifer characteristics, physical and chemical
subsurface system, and flow parameters for extraction wells can be analyzed at different
locations and spacing of Tecovery wells. The pathline tracking model can be stimulated
to optimize free-phase product recovery. The particle tracking model can be used to
compute stream lines, travel times, and determine capture zones. CORCO recommends
that a theoretical particie tracking model be used in selecting the placement, pump rate
and spacing of recovery wells,

Equilibrium pumping is most often used for plume management systems, as it allows for
greater well spacing. Non-equilibrium pumping is an alternative for aquifers with low
hydraulic conductivity, sites with hydraulic barriers, and for non-miscible plume capture.
Modeling will calculate the optimum pumpage rate for the greatest radii of influence
under these circumstances. It is recommended that flow net modeling be used to analyze
the Ponce Limestone water table acti g under Equilibrium pumping and N on-equilibrium

Aquifer pumping alone is most effective at sites that have high inter-granular hydraulic
conductivities. A combination of extraction and injection wells is the favored technique
to remediate aquifers similar to the water table at the CORCO Facility which has a

CORCO Phiase I Subsarfuce Oil Investigation ' November 7, 1994
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2.2 Oil Recovery System Location

Free-phase product is located in five areas at the CORCO Facility. These five areas are:
the MIS Area, the Tank Farm West Area, the Facility South Area, the Tank Farm
Central Area, and the Process Area. CORCO recommends a mechanism for product
recovery be installed in each of these areas.

Confined aquifers and unconfined aquifers do not respond the same during pumping.
The radii of influence, for a confined aquifer, is not effected by increased pumping. The
aquifer capacity is directly proportional to the drawdown as long as the aquifer is not de-
watered. An unconfined aquifers maximum efficiency, for well operation, is at 67
percent of the maximum drawdown. The maximum efficiency, for the unconfined Ponce
aquifer acting under water table conditions, will be determined by computer model.

2.3 Recovery System - Conceptual Design

and type of wells required, the pattern and spacing of the wells, the radius of influence
of the wells, the required pumping rates, and whether equilibrium or non-equilibrium
pumping will be used, Computer modeling of the aquifer will allow optimization of
recover efforts at the facility.

The waters extracted from the aquifer can be used for control of the product plume. The
recovered waters can be treated and used to enhance the groundwater control system as
an aquifer recharge. This option will be assessed by computer model.

The pending recovery well systems will be designed so the area influenced by pumping
from the wells totally encapsulates a plume. Major components of a well recovery
system includes: multiple well points, suction wells, ejector wells, site specific above
ground remediation components and all necessary support equipment to gauge system
progress.

CORCO Phase F: Subsurface Ot Investigation : November 7, 1954
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The main limitation of pump-and-treat technology is the time frame that is required to
achieve acceptable levels of free-phase product recovery. The pump-and-treat system
must be correctly engineered for the aquifer. Potential design failures include: a design
that fails to capture the contaminate plume or operational failures that allow loss of
contaminate. Typical operation failures are surface equipment, electrical control systems,
mechanical control systems, chemical precipitation, well plugging, pump failure, and
surface plumbing failure. It is by modeling of the aquifer that many of the recovery
efforts can be optimized by limiting potential design failures. CORCO therefore
recommends the Phase II: Subsurface Oil Recovery Workplan be based on modeling
results of the the aquifer parameters.

2.3.1 Pump Test/Aquifer Test

The MIS product recovery system was expected to go on-line October 15, 1994, The
recovery system start-up has been postponed due to possible lateral downhole movement
of a clay formation. At present, the recovery system is expected to be on-line in early
November 1994.

Hydraulic data will be coliected during start up testing of the MIS product recovery
system. The time, volumes produced, rate of production and draw-down will be
measured. This data will be utilized to model and optimize recovery rates at the CORCO
Facility.

The radius of influence is determined theoretically using aquifer characteristics. The
aquifer characteristics can be estimated by "slug-test” or pump test methods. The pump
test is the most accurate method for estimating an aquifers characteristics. The pumping
tests will identify recharge boundaries, barrier boundaries, and slow storage release
conditions. The pump test can also be used to determine equilibrium conditions.
CORCO believes the data collected during the MIS Area recovery system start-up will
supply sufficient radii of influence data for purposes of modeling. Additional slug tests
may be performed at wells in the Ponce aquifer that do not contain free-phase product

to establish more data points.

2.3.2 Recovery Wells Design

The depth to the water table is the limiting factor at the CORCO Facility for recovery
well design. A recovery well designed with high horizontal and vertical strength
properties is necessary for systems installed in the Ponce Limestone. The recovery well
design should include:

large diameter casing for pumps;
heavy duty material for down-hole pressure; and

CORCO Phase I: Subsurface Oil Investigation November 7, 1994
DSM Project No. 1012-01-0] R - ' Page IN-8



screen size/gravel pack adequate for sediment size.

The selected well material should be gauged to last the expected period of time for
recovery. At this time, CORCO recommends a minimum of sixty gauge PVC four inch
well material be used for recovery wells. The Phase II: Subsurface Oil Recovery
Workplan will detail construct materials, depth and screened interval,

2.3.3 Additional Piezometer Locations

The areas of free-phase product have been defined to the south, east, and west at the
CORCO Facility. The area of product north of the Tank Farm Central Area has not
been delineated. A minimum of two (2) or possibly three (3) additiona] piezometers is
recommended for determining the presence of product in this area. The locations of the
three piezometers north of the Tank Farm Central Area are as follows: area near Tank
1031, plateau east of Tank 1015, and the area east of Tank 724. CORCO recommends
that installation of the delineation piezometers be postponed until after the static level
measurements have been collected, the Ponce aquifer has been modeled and the Phase
II: Subsurface Oil Recovery Workplan is constructed.

2.4 Proposed Time-Line

CORCO is actively installing a product recovery system to recover free-phase product
at the MIS Area. CORCO is submitting a schedule for present and projected activities
to recovery free-phase product at the CORCQ Facility (refer to Figure 14 - Time-Line;
Phase II: Subsurface Oil Recovery Workpian).

CORCO is presently installing a free-phase product recovery pump system at the MIS
Area for product recovery. This system is expected to go on-line in early November
1994. CORCO believes the collected data from the MIS Area reécovery operations
should be evaluated to optimize recovery of product from all other areas containing
product at the facility. The data collection from the MIS Recovery System will be
finished in January 1995. The 1ecovery data reduction is expected to be complete and
a MIS Recovery Report submittal to the U_S. EPA, Region 2 in February 1995,
CORCO recommends that an additional static level measurement program for the thirty-
two (32) Phase I piezometers, six (6) MIS monitor wells, and eight (8) RCRA
monitoring wells be initiated in February 1995. Data reduction, and data reportable is
proposed to be completed in March 1995.

CORCO recommends the generation of the Phase II- Subsurface Oil Recovery Workplan
be initiated following the second static Jeve] measurement program, data reduction and
Modeling the hydraulic systems at the facility. The proposed workplan will detail the
Oil Recovery Systems location, Recovery System design, and Recovery Well design.

CORCO Phasc I Subsurface Oil Investigation - . November 7, 1994
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The Subsurface Oil Recovery Workplan will include engineered specifications for product
pump rae, percent product volume reduction calculations, and time required for product
volume reduction.

The intent of the Phase II: Subsurface Oil Recovery Workplan is to optimize the recovery
of the free-phase product at the CORCO Facility. CORCO believes that properly
engineered product recovery systems will remove a greater percent of product in a
shorter time period. This will reduce the potential impact to human health and further
impact to the environment.

EPA, Region 2 for review in June 1995. Initiation of the Phase II: Workplan is
presently projected to be in the first week of July 1995.

CORCO Phase I Subsurface Ol Investigationr . .. - e November 7, 1994
DSM Project No. 10120101 - B S S S Page II-10




Figure 1:
Figure 2:
Figure 3:
Figure 4.
Figure 5:
Figure 6:
Figure 7;
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12;
Figure 13:
Figure 14:

TABLE OF FIGURES

Site Location Map

Site Facility Map

Soil Boring Location Map

Unified Soil Classification System

Surface Trace Cross-Section Map

Cross-Section A - A'

Cross-Section B - B’

Cross-Section C - C'

Cross-Section D - D'

Potentiometric Measurement Map; 09/27/94

X-Y Potentiometric Measurement Map; 09/27/94
XY-Z Potentiometric Measurement Map; 09/27/94
Isopach Map; 09/27/94

Time-Line; Phase II: Subsurface Oil Recovery Workplan




DSM Environmental
Services, Inc.

- CORCO FACILITY
SITE LOCATION MAP

PROJECT NO. DRawN BY CHK'D BY DATE REV
1012-01 MB TCH 10/28/94
SCALE 1" = 2000' | PHASE NO. | FIG. ND. 1 SHEET 1 OF 1

——> TO PONCE

TALLABOA
BaY




S B L uu..ru_ THGWOYS IS
B Brir Z0-Z 104
48 Levdl Oh 1530 Ddg

"INl 'SEOIA¥AS
TVININNOYIANZ WSA

H i
Tt I 8 Qoarl

Tam DHWOLNON ‘5 TW  pooan 4

VI EGOLHOA YUdd  1owm 4
&A:J \h.w_l__\-;\..{m MH_W HOUVODT BALINOZDD  mem 4
091y ojasnd ‘aouoyg N30T

ALIIVA 003400

i
b oo o
=== T g

]
)
Ju__J

ey




b0 Exm_ £ ON ,o_h__ _.ozuu..:a_ 85 TNIS
*6/LT/01 HOL an 10~2101L — P

A%y va A8 Q.aH) A HMYEQ ON 103rCHd TN DAL oy e
SO MRMOTEd v

dVI :NOLLYOOT .

DNIJOd TI0S

‘oU] ‘SadlAdeg
[eyuswmuoaiaAuyg NWsd

I SO O
il 3~ 006
Q0

[33%
duarme O
@ @ e B|l.+ F0-Mg
hT.E. Sﬂi

8 )

Pt 5 @66/

\l/\:/\.../\

@




R T

1vad L | (133) AFuods £q poynmap) JINVOYO A THDIH
LTS AT1HAVED 2L TIS AONYS
SIS AGA 'LJIS dnswepl Ajawiopotu Jo snswyd Aydiyg HD 05 <Wuwi pinbig
AVTO ATTHAVED 10°AVTD AONVS GNY U1y Ja0qe suw] Sraqany
AV ALTIS *AVTD mnd Kawsspows 1o *opsmyd Apgiys| 1D 05 >uwr] pibry
(sun-v 2a0qe SIWIT Bia0iany 31 AV DINVDNO)
LTS DI 4O onseid Aydigs A1ap Jo onserd A HO 08 <Hwiry pinbyy wnug/(0 Wy, 58]
(ouy-y aroqe My ARqINY )1 AV1D DINYDYEO) JINVONO SRS )0 305 <
18 DUQ I Kamsapout 30 pseid Aydg T0 0§ > 1] pinbiy
QEANIVEDANLE
178 ATTHAVHD J0'L7IS AGNYS
AVID LIS Jnwed Ajsresspow so onmeid Apyluyy HW 05 <Wu'] prnby7 . ALINYNINOGHH
S.m ATISAVED 2°LTI§ AGNVS "LTIS AAVID DINVDUONI | =HWIT S1geny
snseid Aswsapows so “opnd Susys ‘sedaoy TN 0§ > Iy pinyy
L<Id NV an]
QNVS AHAVID IS -V AA0qy sy Tiaquony
Bl %S>
¥>1d 4O 2217 SHNES HLIM
aNYS ALTIS NS -y mojeg suwiy Aqiany W 9y UBY L JAjjEWg
ANYS ATTHAVHED MS 10} Ruowannbay
g 10 (INYS popesd-del 10 .EHM..E-.— ‘papesd Auoog ds uonRpRIn) Jurcop joN s 35> SHIRIL) 310D JO B05 <
$ ATISAVYD 0 IRm MS ¥ < 01Q/00Q NYEO w0 Wy, 13y
L<Id NV ur] fuImn Jo K06 <
TIAVED AJAYTD 20 -y JA0qY smuy| 233qiany
¥>1d ¥O U] S0 %§ < QANIVEO-ISHYOD
THAVED ALTIS J 4'H ) -V #ojag sywi Siaqiany SANI HLIM W gLy mey ] 3Ty ATLNYNIWOGTdd
THAVHED MO Joj sanannbay
A 10 ) 8-def Jo ‘wiopmn ¢ B A d9 uo{mpEsD) o WN sl %5 SR 341007 JO 305 <
TAAVED ACANVS IO THAVHD PIpRID) [PM MDD $ < 010090 NY3T1D
TOEWAS | NOLLYWALINOD (sayout ¢ ueyy, o818 sajonreg Swpapaxz)
SANVN 110S d109D AdOLVIOEY'] SOLLSHILOVIVHD ALIDIISVId ANV NOLLVAVID

¥ H4NOIA

WALSAS NOLLVIIAISSV'ID ‘TOS ALAINA



[ s | Euzmﬁ S 'CN a4 ~ 10N uﬂza_ O49=,0 TIVas
¥6/1£/01 H1 an Z1ol
A3 va A 0,93 LA HMYH] ‘ONLI3r0Nd

dVA
NOLLDAS — SSOMD
FOVHL HOVANNS

'OU] ‘SA0IAL8G
[ejuswuoIIaAuy WSA

N
Ty
Ji



-

—/L/ arn
[ —3 |!r. + I:_“!+
P =<2 = E’%P‘Rﬁ = C
= 550
DSM Environmental
Services, Inc.

POTENTIOMETRIC
MEASUREMENT MAP
9/27/94
PROJECT NO. DRAWN BY CHKD BY DATE REV

101201 MB TCH 10/31/94

Scae Tmesy | Prse no. | IEX"IE Isu::r 1 0F 1




Potent tometr (¢ Meesurement Map

1261 G4B2 4729 w9 227
2992
N T 7T 3%
f —
2742 ] —{ 27az
' —|
' —]
2492 7 — 2492
P ]
b ’l —d
z=e - PR — =2z2a
..J — .
@ 1991 | - 193
o | ]
L - —
174 -1 1741
1499 |— -~ 1499
1248 |- —] 1249
| ’
- L1 11 1 L.’ [ N SN Y N SN T o
1251 16500 1749 1999 2247 2496 2745 2994 3243 3492 17417 2950 4219 aagB 4717 4986 523 B4p4 57771 5982 6211 4488 4729 970 7227

Feat

DSM Environmental
Services, Inec.

X—Y POTENTIOMETRIC
MEASUREMENT MODEL

PROJECT NO. DRAWN BY CHK'D BY DATE REV
1012-02 TCH TCH 10/28/94

SCALE Schamotic | pHASE mo, 1 | re. no. R




\"77// ;'////“ )
Iy

%2 = 2N
< ‘. ,/////37 o> Dﬂ:i'f.
Sy S
., le

B

DSM Environmental
Services, Inc.

XY~-Z POTENTIOMETRIC
MEASUREMENT MODEL

PROJECT NO, DRAWK BY
101202 TCH

CHK'D BY DATE
TCH 10/28,/94

SCALE SchumnticJ PHASE MO. 1

I FIG. NO, 12 FSP{ET

roF

1




1010

oI

v e e e e

—— ~

\.\ \\
\
yr— o
B |
(o}

o= .
00 o ¥
.,,,_,c?o8 i

8 ‘Bb\QQ_ 20000
c o

—
b T

_ DSM Environmental
a \ + ro-s + pp-7 .
== N Services, Inc.
N YL ISOPACH
Y soun MAP
FACILIT H AREA LEGEN
END 9/27/94
+ - PEIOMETER LOCATION PROJECT MO, DRAWN BY CHI'D BY DATE REV
B ROR LouTomG WL 1012 MB ™ 10/31/04
o g MOMTORING WELL
SCALE 1mmB50" IPHASE O, | l FIG. NO. 19 lsuzsr 1 0F 3




Task Outline
11-04-94

FIGURE 14 - TIME-LINE Project: 1012-02
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TABLE 1

FREE-PRODUCT THICKNESS IN THE
MIS AREA MONITORING WELLS
MEASURED MARCH, 1994
CORCO FACILITY, PONCE P.R.

WELL NUMBER PRODUCT Tmmc%n%nss (ft.)
MW-01 ND
MW-02 ND ]
MW-03 9.30
MW-04 6.74 |
MW-05 7.69 |
MW-06 |
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TABLE 3

Piezometer Installation Dates, Depth, and Indications of Product

DATE PIEZOMETER | DEPTH | Indication of | Confirmed
Installed No. Product Product
09/27/94
5/12/94 PD-8 25" bls
$/16/94 PD-7 257 bls
5/17/94 PD-6 25" bls
5/17/94 PD-5 25" bls
S/18/94 PD-4 25" bls Froc-Phasc 12.06 fi.
5720194 PD-3 25" bls |
5/20/94 PD-2 25" bls |
5124194 PD-1 257 bls
512594 PD-9 71° bis Free-Phase 971 fi
5126/94 PD-10 48" bis Free-Phase 10.23 f.
5127/94 PD-11 53" bls Free-Phase 1032 i
6/1M4 PD-12 42° bls Frec-Phase Non-Detect
6/2/94 PD-13 28" bls
6/2/94 PD-14 43° bls Free-Phasc 0.65 fi,
6/3 - 677194 PD-16 52" bls Free-Phase 7.60 ft.

i 6/8/94 PD-15 45" bls Fres-Phase 9,08 AL
6/8 - 6/9/94 PD-17 45 bis Free-Phase 347 R,
6/9 - 6/10/94 PD-18 45" bls Free-Phase 3.59 fi

6/13 - 6/1794 PD-30 107 bis Free-Phase Nos-Detect
6120 - 6/2294 PD-23 104" bls Free-Phase 935 it
622 - 624794 PD-19 105 bls
622 - 6124
6124 - 6/29/94
6/27 - 11194
629 - 7/1/94
745 - 18/94
78 - 1294
719 - 7/14/94
7/14 - 71594
19 < 711994
79 - 112194
9 - 1/22/94

" bls (feet below-land-surface)




TABLE 4

LIQUID LEVEL MEASUREMENTS
Phase I: Subsurface Oil Investigation
Commonwealth Oil Refining Company
Penuelas, Puerto Rico

WELL Date Casing Depth to Depth to PSH Corrected
No. Sampled Elevation PSH Water Thickness Water Level
(feet)’ (feet) (feet) (feet) (feet)?
MW-01 09/27/94 NA NA 0.00
MW-02 09/27/94 ND 177.39 0.00
MW-03 09/727/% 169.42 178.05 8.63
MW-04 09/27/94 166.96 173.92 6.96
[ 0§ 09/27/94 162.52 172.72 10.20
MW-06 09/27/94 165.58 173.56 7.98
EL-1 03/11/94 15.29 ND 0.88 0.00 541
09/27/94 ND 10.07 0.00 5.22
EL-2 03/11/94 17.28 ND 16.34 0.00 0.94
09/27/94 ND 16.26 0.00 1.02 _H
EL-3 03/11/94 10.10 ND 9.35 0.00 0.75 H
09/27/94 ND 9.21 0.00 0.89
EL-4 03/11/94 10.79 ND 10.75 0.00 0.04
09/27/94 ND 11.61 0.00 -0.82
[ WL 03/11/94 8.03 ND 8.80 0.00 -0.77
09/27/94 8.84 9.46 0.62 -0.87
WL-2 03/11/94 10.28 ND 9.64 0.00 0.64
09/27/94 ND 9.37 0.00 091
WL-3 03/11/94 8.22 ND 6.93 0.00 1.29
09/27/94 ND 6.71 0.00 1.51
WL-4 03/11/94 7.29 ND 5.40 0.00 1.89
09/27/94 ND 5.19 0.00 2.10
PD-1 09/27/94 7.51 ND 5.36 0.00 2.15
PD-2 09/27/94 11.71 ND 991 0.00 1.80
PD-3 09/27/94 10.40 ND 7.94 0.00 2.46
PD4 09/27/94 11.35 7.03 19.09 12.06 3.12
PD-5 09/27/94 8.86 ND 5.63 0.00 3.23
PD-6 09/27/94 11.25 ND 5.21 0.00 6.04




TABLE 4 (Continued)
Liquid Level Measurements

' Casing Depth to '
No. Sampled Elevation PSH Water Water Level
. (feet)!
T 09727/94 | 12.83 )
PD-8 09/27/94 14.47 ND 9.18
PD-9 09/27/94 56.76 52.39 62.10
PD-10 09/27/94 39.86 34.94 4517
PD-11 09/27/94 3429 31.12 4144
PD-12 09/27/94 32.74 ND 27.40
PD-13 09/27/94 3353 ND 14.72
PD-14 09/27/94 35.27 29.99 30.64
PD-15 09/27/94 34.52 28.22 37.30
PD-16 09/27/94 40.68 35.22 42.82
PD-17 09/27/94 35.83 30.22 33.69
PD-18 09/27/94 39.04 33.26 36.85
PD-19 09/27/94 93.67 ND 83.07
PD-20 09/27/94 81.30 85.77 77.43
| PD21 09/27/94 98.30 ND 96.59
PD-22 09/27/94 16825 ND 162.32
PD-23 09727794 93.38 85.59 94.94
PD-24 09/27/94 103.29 ND 101.35
PD-25 09/27/94 143 8] 139.51 148.71
PD-26 09/27/94 163.43 159.12 169.27
PD-27 09/27/94 129.11 124.65 133.78
PD-28 09/27/94 83.70 78.09 86.05
PD-29 09/27/94 112.57 ND 109.57
PD-30 09/27/94 83.57 ND 81.10
PD-31 09/27/94 122.94 ND 115.85
PD-32 09/27/94 158.44 154.15 164.07

(1) Referenced to mean sca level. Benchmark Located at CORCO Facility,
{2) Product specific gravity of 0.90 was used to calculate corrected ground water elevation.




TABLE 5

IN-SITU OIL MASS-BALANCE
COMMONWEALTH OIL REFINING COMPANY

Penuelas, PUERTO RICO
M.I.S. Area
Contour | Pearimeter Area Averags Volume Approximate | Approximate u
Area (ng. £r.) Depth {cu. ft.) Gallons barrels
0 437,015 236, 034 2,5 590,085 1,324,239 31,530
5 200,981 178,449 7.5 1,338,368 3,003,497 71,512 u
10 22,532 22,532 10 225,320 505,652 12,039 |
TOTAL 83,551
Tank Farm West Area
Contour | Perimster Area Average Volume Approximate | Approximate
ﬂ Area (sqg. £t.) Depth {cu, £t.) Gallons barreals
f 0 1,114,134 | 422,727 2.5 1,056,818 | 2,371,657 56,468
|[ 5 691,407 364,029 7.5 2,730,218 6,127,018 145,881
I 10 327,378 319,324 10 3,103,240 6,964,136 165,813
TOTAL 311,694
Facility South Area
Contour | Perimater Area Average Volume Approx. Approximate
Axea (sq. ft.) Depth {cu. ft,) Gal. barrels
0 181,321 119,086 2.5 297,715 668,117 15,9508
5 62,235 50,699 7.5 380,243 853,321 20,317
10 11,536 11,536 10 115,360 258,885 6,164 u
TOTAL 26,481
Tank Farm Central Area
Contour | Perimeter Area Average Volume Approximate | Approximate H
Area (sg. ft.) Depth (cu. ft.)} Gallons barrels
0 1,465,361 555,227 2.5 1,488,068 3,339,447 79,511
5 870,134 636, 81R 7.5 4,776,135 | 10,718,363 255,199
10 233,316 233,316 10 2,333,160 5,235,961 124,666
TOTAL 379,865
Process Area
Contour | Perimeter Area Average Volume Approximate | Approxinate
Area (sq. fr.) Depth {cu., ft.) Gallons barrels
0 2,265,795 | 1,189,887 2.5 2,974,718 | 6,675,712 158, 946
| 5 1,079,612 1,045,098 7.5 7,838,235 | 17,590,175 418,814
TOTAL 577,759

TOTAL APPROXIMATE VOLUME (Barrels)

1,379,351
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APPENDIX A

Survey Notes



__ _ e e e e e e —— — == e emama s WY b A WW  ALW AT 1A QI ULOL R L7 Y

: PI. i'- Lo WI}OC Crawad
e R -.:m:,,m.«.v-..,.T“..:/ - Erev..

Ph-z. L3ere:| 23562l 486 | 2:.29 | .edyiilens
BP2. . gzese| ety Fes .| 2SI | 28G
PO sress ) sez-3pll 2.3 4 3u7. | 238 . [

PO grraa| vl 274 | D4g | a7y

Po- 5 ,,103:,_43_4r_;¢af *11). . 203 ol R0 . A2

CBL L1 goc 84| . rdecas|l R8¢ [ 343 | - .27f.
- Pa 7 ."-..44‘4“.2'2“_..113"9.:3 I I SRR S 5 ) A | 37
P08 wser| srradl_ 270, 7720 N Y7

7’#.-3.....; €271 - c/f-ﬂt- le- 5k | 1790 | __ /(.35

Phse . wezts | 78030 (!..__// 2B VA L AN N -
PhP-10 o 533k | 9311 || se-0C | s04F | 934 ——
T20-(2 L 179,80 ) teso1) _9.20 998, .- Wl | . ..
7047 _..59713 123505 9.23 | sexz | . 32| . -
PP-41 ., $92.56) cizgeosf  9.97 | sozi | o1t
PD 13, toa.B3| 155ecH| so-54.. s052_ | s0.54

2D/ . 608 17¢7.30 % 445C L sfo & il

1

{ PP LT . €23s8] £3%0.58% 0.3 ., s022 | 338 |

o o g e e e

08 cqgel 2180.29) 20:00. 4130 A | . .
7’ d--.ﬁ.?_; LTEr k) 99/.078 . 2778 ;.. 28.54.] _L;_E:— -
PL-20_ | 1331|_1us5.57|_ _24% | 2873 | 2172 E
PO:24 5 113 48| 233596 ) 2926, 293¢ | 2893 ‘

L .?é.ﬂ.i.z;f_...s.b'_z.;zz.._;zua_.m____fgzzo 5,28 . So.05 ‘ K

FI-23 782./5 enSE#L0 ) 27.66 ) _284c i R27L 1 J.

5{ --..i?ﬁ;z_i,l._]_2ﬁ.1L,__.__w._ez’:22‘.4....,..Ze-_ZL_-,.F 2778 Jeg/s _3

g A28 | 22| 113982 ) erep | #1383 | 4208 | |

%._; PO-26. goous) naiasr) o309 | 25, | 1233 | 1

L7027, pricel scovcr| 3888 | 3335 | 872 | ;

E_*Zé'w scmn ll s1va. 71| 20 | 275/ 27

i

e s—




e e e - o emmsmw wwnww s B WU AL AT HIITOIUTUIONF Y O

Pigé Loem ‘F’-:Jn..f- _
-0 ey ey
| goppe b 2323 | Caeas
Hoogagad ) 249¢ | 2547
o] ccaear] 3cze | 3747
‘a_.’&;_&__ 1. 8558 --'-;g;_:z-'* 4829

"24'; LT fé:‘ C'fzgq__,,gfl/ 7%1 "
BYVC ./ LlleLer s n:Lé_e..V_!.__,‘_M .214 WA ere

= oV T SRV ¥ LI T 1Y, =’___.£..qc¢£g.¢" T _ace
: }_ﬂym,'.__.azz.s....&z_’*‘ v Bl el  Weedd

,.._.i_.-....-v o ---u ———é—-‘—-&« 21.?’ 1Y

1

TS m e iy e - f. B T




APPENDIX B

Sieve and Hydrometer Analyses

Boring Log/Well Forms for Monitor Wells MW-1 through MW-6
Boring Log/Well Forms for Monitor Wells EL-1 through EL4
Boring Log/Well Forms for Monitor Wells WL-1 through WL-5
Boring Log/Well Forms for Piezometer Wells PD-1 through PD-32



PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE  DEPTH y4 y 4 4 %
NO. NO. GRAVEL SAND FINES SILT  CLAY
EL-1 8'-10" 2.6 60. 36.6 15. 21.4

EL-1 14'-16" 45.2 18, 36.8 - -
4 6 16'-18" 0.0 1. 98.3 - -
4 8 20'-22" 2.8 45, 51.4 - -
9 3 101-12" 29.0 23. 47.3 - -
9 5 201-22" 19.6  24. 56.0 - -
9 7 30'-32° 14,7 32, 52.6 - -
9 9 40'-42¢ 9.5 30, 5%.9 - -
9 10 45'-47" 49,2 5. 45.4 - -
10 3 10'-121 74.8 8. 17.2 - -
10 5 20'-22! 24.3 6. 69.2 34, 35.2
10 6 25'-27! 52.7 15, 31.4 11. 19.6
10 7 30'-32¢ 72.1  10. 17.1 - -
10 8 35'-37¢ 40.1 29, 30.5 - -
10 9 37'-39" 21.2 63, 15.8 - -
10 10 39'-4) 2.0 27. 76.9 - -
10 11 41'-43" 14.9 138, 46.4 28. 18.1
10 12 43'-45! 4.2 32, 62.9 22. 40.0
10 13 45'-471 47.0 27 25.6 - -
11 2 &3 5'-12! 37.0  s0. 12.5 - -
11 5&6 25'-271 35.2 44, 20.5 - -
)‘%1 wmi f‘ma. moca&; -37¢ 12.3 24, 63.2 30. 32.7

"—-— Ponce By Pass, Km. 2258 . Box

<= GEDTECHMICAL ENGINEERS
= & CONCRETE TESTIN

6 LABORATORIES

198. Station No. 6 - Ponce, Puerto Rico 00732 - (809) B43-6538 / 840-1340 ; B40-1341 « Fax (B09) 258-1604




PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH 4 Z A 4 %
NO. NO. GRAVEL SAND FINES SILT  CLAY
11 10 39'-41° 32.3  36.9 30.8 - -

11 13 45' -4 NO SAMPLE
12 3 10'-12" 17.7  23.7 58.6 - -
12 4 15*-17! 0.0 23.8 76.2 - -
12 5 201-221 39.7 32,9  27.4 15.5 11.9
12 6 25'-27! 54.5  29.7 15.8 - -
12 7 27'-29! 13.6 25.4 61.0 - -
12 8 29t-31 40.8 16.6 42.6 - -
12 10 33'-35¢ 44.2 14.4  41.4 - -
12 11 35'-37¢ 19.0 37.6 43.4 - -
12 13 40'-420 38.3  31.4 30.3 26.0 4.3
13 3 10'-12" 79.7 17.4 2.9 - -
13 4 15'-17! 79.4  18.6 2.0 - -
13 5 20'-22" 39.3  54.3 6.4 - -
13 7 241 -26" 45.3 49,0 5.7 - -
14 3 10'-12" 28.6  46.9  24.5 - -
14 4 15t-17¢ 0.0 23.6 76.4 - -
14 5 20'-22? 64.4 14.3 21,3 - -
14 6 25'-27 12.4  57.9 29,7 11.6 18.1
14 7 30'-32¢ 0.7 20.3 79.0 11.0 67.9
14 9 34'-36" 0.0 5.2 94.8 - -
10 36'-38" 0.0 19.7 80.3 - -

VICTOR E. RIVERA ASSOCIATES

-~—— Ponce By Pass, Km. 2258 . Box 198, Station No. 6 » Ponce, Puerto Rico 00732

* (809) B43-6538 / B40-1340 / BA0-1347 « Fax (809) 250-1604 ____ .~



PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSTS

CORCO FACILITY, PENUELAS, PUERTC RICO

BORING SAMPLE DEPTH A z 7 % 4
NO. NO. GRAVEL SAND TFINES SILT CLAY
14 12 40'-42 7.2 91.0 1.8 - -

15 3 10'-12" 62.3 28.3 9.4 - -

15 4 15'-17! 40.0 49.0 11.0 - -

15 5 20'-22! 50.4 27.8 21.8 - -

15 6 25'-27" NO SAMPLE

15 7 30'-32¢ 9.4 55.6 35.0 - -

15 8 35'-37° 82.1 10.4 7.5 - -

15 10 & 11 397 -4 45.0 25.2 29.8 3.3 26.5

16 3 10t-120 16.4 1.9 81,7 52.1 29.6

16 4 15'-171 30.2 27.7 42.1 16.9 25.2

16 5 20'-22! 73.7 10.5 15.8 - -

16 6 25'-27! 68.8 16.3 14.9 - -

16 7 30'-32¢ 43,7 7.3 49,0 25.2 23.8

16 8 35'-37 61.0 10.7 28.3 10.9 17.4

16 9 40'-42" 29.0 45.3 25.7 - -

16 11 50'-52¢ 41.4 4.4 54.2 8.7 45.5

17 3 10'-12" 17.7 45.5 36.8 - -

17 4 15'-17¢ 51.0 19.8 29,2 - -

17 5 20'-22¢ 52.9 29,7 17.4 - -

17 6 25'-27¢ 23.8 50.5 25.7 - -

17 7 30'-32¢ 7.4 58.5 34.1 - -
VICTOR E. n?vsm Assoclfrll‘:‘sl‘bﬁl 19-8 30.3 49.9 ) )

& CONCRETE TESTING LABGARTORIES

~---— Ponce By Pass, Km. 2258 - Box

188, Station Ne. 6 - Ponce, Puerto Rico 00732 -

(B09) B43-6538 / B40-1340 / 840-1341 - Fax {809} 259-1604




PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH 2 Z Y4 4 Z
NO. NO. GRAVEL SAND FINES SILT CLAY
18 3 i0'-12! 23.1  47.5  29.4 - -

18 5 20" -22! 5.0 32.2 62.8 - -
18 7 30'-32 44.9 21,5  33.6 - -
18 8 35'-371! 70.6  20.4 9.0 - -
18 9 39'-41" 53.8 11.0 35,2 - -
18 9 39t-41 17.8  36.7 45.5 - -
18 11 44 46" 13.5 47.3 39,2 - -
19 3 10t -12" 72.8 8.0 19.2 - -
19 4 15'-17" 65.7 8.0 26.3 - -
19 5 20'-22 20.4 22,2 57.4 27.86 29.8
19 6 25'-27! 56.4 18.7  24.9 - -
19 7 30'-32! 28.4 11.2  60.4 25.9 34.5
19 8 3537 19.2 17.5 63.3 31.0 32.3
19 0 45" -471 NO SAMPLE
1% 11 50'-52¢ 49.8  23.2  27.0 14.9 12.1
19 13 60'-62" 74.0 7.7 18.3 - -
19 15 70'-72 41.6 25.5 32.9 16.3 16.6
19 17 80'-82!* 29.7 38.6 31.7 - -
19 18 85'-87! 50.0 12.3 37.7 20.7 17.0
19 19 90'-92! 35.6  10.4  54.0 26.8 27.2
19 20 95'-97! 53.8 8.2 38.0 - -

3 10'-12! 36.2  28.3  35.5 15.4 20.1

Ponce By Pass, Km. 2258 - Box

VICTOR E. RIVERA ASSOCIATES

GEOTECHNICAL_ENGINEERS

i e et 1

& COMCAETE TESTING LABORATORIES

188, Station No. 6 + Ponce, Puerto Rico 00732 «

(809

} B43-6538 / BA0-1340 / 840-1347 - Fax (BOO) 256-1604 _ -



PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSTS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH 4 % % % 7z
NO. NOD. GRAVEL SAND  FINES SILT  CLAY
20 4 15'-17! 83.1 8.8 8.1 - -

20 5 20%-22! 54.2 23.5 22.3 - -
20 7 30'-32! 3.7 29.1 67.2 24.8 42.4
20 8 35'-37! 62.9 22.9 14.2 - -
20 11 50'-52" Bl.1 7.0 11.9 - -
20 13 60'-62" 29.0 10,7 60.3 - -
20 15 70'-720 71.1 12.1 16.8 - -
20 17 80'-82! 41.9 18.7 38.4 - -
20 19 90'-92" 41.9 19.7 38.4 21.4 17.0
20 20 85'-g7! 33.7  28.7 36.6 20.7 15.9
21 3 10*-12 312.9 7.9  59.2 - -
21 4 15'-17! 0.0 0.5 99.5 31.6 67.9
21 5 20'-22 26.1 13.6 60.3 36.2 24.1
21 6 25'-27 48.9 3.9 47.2 11.3 35.9
21 7 30'-32¢0 49.2 22.1 28.7 - -
21 9 40'-42¢ 71.3 17.5 11.2 - -
21 11 50'-52! 30.4 17.8 51.8 - -
21 13 60'-62" 0.0 8.9 91.1 24.2 66.9
21 15 70t-72¢ 47.7 16.5 35.8 10.0 25.8
21 17 80'-92¢ 0.0 10.0 90.0 21.4 68.6
21 18 85'-87! NO SAMPLE

21 & 22 100'-102 0.0 0.6 99.4 34.0 65.4

Ponce By Pass, Km. 2255 + Box 198,

YICTOR E. AIVERA ASSOCIATES

= GEOTECHNICAL ENGINEERS

& CONCRETE TESTING LABORATORIES

Staton No. 6 - Ponce, Puerto Rico 00732 «

(809} 843-6538 / B4D-1340 / B40-1341 « Fay (809) 259-1604




PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE  DEPTH 2 2 7 7 %
NO. NO. GRAVEL SAND FINES  SILT  CLAY
22 3&5  10'-12 36.0 27.8 36.2  20.7 15.5
22 7&8  30'-37! 35.9  22.2  41.9  20.3 21.6
22 11 & 13 50'-62" 2.9 40.2 56.9  132.4 24.5
22 15 70t-72" 2.3 33.8  63.9  49.2 14.7
22 17 & 18 85'-87° 0.0 3.2 96.8 - -

22 21 100'-102' 33,3 22.3  44.4 - -
22 22 105'-107' 0.0 34.8 65.2 - -
22 26 125'-127'  24.9 23,7 51.4 - -
22 28 135'-137' 6.8 41.2 52.0  17.6 34,4
22 31 & 32 150'-157' 39.3 139.3 21.4 - -
22 35 170'-172" 0.0 11.4 88.6 - -
22 38 &39  185'-192' 38.5 38.6 22.9 - -
23 3 10'-12° 30.3  10.9 58.8  31.9 26.9
23 5 20'-22 82.8 2.0 15.2 - -
23 7 301 -321 13.6  15.3  71.1 - -
23 9 40" =42 25.7 14.6 59.7  27.3 32.4
23 11 501-52¢ 7.9 31.2  60.9  24.3 36.6
23 13 60'-62" 16.6 10.3 73.1  33.p 40.1
23 14 65'-67" 0.0 4.9 95.1  47.6 47.5
23 15 70'-72" 33.0 32,6  34.4 - .
23 16 751-771 0.0 32.0 68.0 34.3 33.7
V23 17 80'-82° 81.8 7.2 11.0 - -

e,

VICTOR E. RIVERA ASSOCIATES

GEDTECHNICAL ENGINEERS

& CONCRETE TESTHNG LABORATORIES

——— Ponce By Pass, Km. 2258 - Box 198, Station No. 6 « Ponge, Puerto Rico 00732 - {809) B43-6538 / BAD-1340 / B4D-1347 - Fay (809) 259-1604 . .-~
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PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH Z Z p4 % %
NO. NO. GRAVEL SAND  FINES SILT CLAY
23 18 85'-87! 25.5 38.7 35.8 - -

23 19 & 20 90'-97! 30.1  39.2 30.7 13.5 17.2

24 3 10'-12! 0.0 12.8 87.2 - -

24 5 20"-22! 0.0 4.7 95.3 25.0 70.3

24 7 30'-32! 53.4 34,3 12.3 - -

24 9 40" =42 28.2 15.5 56.3 - -

24 11 50'-52! 16.8 17.1 66.1 50.2 15.9

24 13 60*'-62! 45.7 20.9 33.4 - -

24 15& 16 70'-720 30.9  28.1 41.0 17.6 23.4

4 17 80'-82' 40.8  13.5  45.7 - -

24 19 90'-92" 0.0 6.5 93.5 - -

24 20 895'-97! 0.0 7.2 92.8 16.1 76.7

24 23 & 24 110'-112" 33.7 15.7  50.6 - -

24 26 125'-127¢ 0.0 23.3 76.7 21.8 54.9

24 27 130'-132" NO SAMPLE

25 3 10'-12* 79.6 6.6 13.8 - -

25 5 20'-22¢ 70.8 0.7 28.5 - -

25 7 30'-32 33.1 16.8 50.1 35.7 14.4

25 3 35'-a7 43.4 5.1 51.5 12.3 39.2

25 10 45'-471 10.6 30.3 59,1 25.3 33.8

25 12 55'-57¢ 82.5 4.3 13.2 - -
)25 14 65'-67 31.5 13.6 54.9 - -

¥

VICTOR £. RIVERA JILTOR £, RVERA ASSOCIATES

GEGTECHNICAL ENGINEERS GECTECHNICAL ENGINEERS
& CONCRETE TESTING LABORATORIES

- Ponce By Pass, Km. 225.8 - Box

198. Station No. 6 « Ponce, Puerto Rico 00732 -

(B09) B43-6538 / 840-1340 / BA0-1341 « Fax (R0D) 259-1604



PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH % Z A % A
NO. NO. GRAVEL SAND  FINES SILT CLAY
25 16 75'-77" 49.0 29.4 21, - -

25 17 80'-82" 48.3 19.2 32. 23.2 9.3

25 19 90'-92! 57.4 B.5 34, 17.3 16.8

25 21 100'-100" 31.7  29.9 38, - -

25 23 110'-112" 30.6 35.1 34.: - -

25 25 120'-122" 61.8 18.0  20. - -

25 27 130'-132! 52.4  30.9 18, - -

25 29 140%-142" 35.4  43.0 21, - -

25 30 145'-147" 42.0  37.1 20. - -

26 3 10'-12! %0.9 4.8 4. - -

26 5 20'-22 75.2  11.0 13. - -

26 7 30'-32¢ 29.1  25.0 45, 15.5 30.4

26 ) 407 -42" B6.3 6.4 7. - -

26 12 55'-57! 1.8 53.2 27. - -

26 14 65'-67" 52.4  40.6 7. - -

26 16 75'-77! 53.0  15.4 31, 10.0 21.6

26 18 B5'-87! 24.7 21,3 4. 14.5 39.5

26 20 95'-97! 23.4  35.3 41, - -

26 22 & 24 105'-117" 89.4 3.3 7. - -

26 25 & 26 125'-127* 45.9  28.1 26. 8.3 17.7

26 28 & 29 135'-137! 4.7 26.0  69. 27.3 47.2
32 155'-157" 64.6 22.8 12. - -

-~ Ponce By Pass, Km. 225.8 - Box 198, Station No. § - Ponce. Puerto Rico 00732 - (809) 843-6538 / B40-1340 / 840-1341 - Fax (B09) 259-1604
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& CONCRETE TESTIS LABGRATORIES



PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE  DEPTH % 4 A 7 %
NO. NO. GRAVEL SAND FINES  SILT CLAY
26 33 160'-162' 0.9 21.2 77.9 - -

26 34 165'-167'  29.8 17.0 53.2 - -

26 35 170'-172'  37.8 33.9  28.3 - -

26 36 175'-177* 0.6 37.1 62.3  137.1 25.2
27 3 10'-12° 0.0 0.3 99,7  49.7 50.0
27 5 20'-22! 42.7 2.5  54.8 - -

27 7 30'-32! 86.8 3.3 9.9 - -

27 9 40" -42" 23.5 7.2 69.3  43.1 26.2
27 11 50t-52" 31.4  13.5 55.1  25.3 29.8
27 13 60'-62° 28.1 19.4 52.5  18.5 34.0
27 15 %16 70'-72! 80.9 9.6 9.5 - -

27 17 80'-82" 11.9  13.4  74.7  31.5 43.2
27 19 90'-92! 63.5 8.4 28.1  16.5 11.6
27 20 & 21 95'-100" 0.0 1.4 98.6 16.4 82.2
27 22 105'-107' 0.0 13.0 87.0 - -

27 23 110'-112'  81.3 3.4 15.3 - -

27 25 120'-122' 0.0 26.1 73.9 - -

27 26 125'-127' 0.0 4.9 95.} - -

27 27 130'-132' 0.0 6.3 93.7 - -

27 29 140" -142" NO SAMPLE

28 3 10'-12" 25.2  15.1 59.7  27.6 32.1

5 20'-22" 0.0 1.4 98.6 22.6 76.0
:, VICTOR E. AIVERA ASSOCIATES

——e T e R LY
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PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE  DEPTH i 7 A % 7
NO. NO. GRAVEL SAND FINES  SILT CLAY
28 7 307-32" 80.8 7.6 11.6
28 9 40" -42" 16.4 25.3 58.3  17.6 40.7
28 11 50'-52° 18.1  38.1 43.8  13.4 30.4
28 13 60" -62" 84.9 4.7 10.4 - -

28 15 751 -771 NO SAMPLE

28 19 90'-g2" 51.9  27.7  20.4 - -

29 3 10" 12" 82.8 6.7 10.5 - -

29 4 15'-17" NO SAMPLE

29 5 & 20'-27" 84.3 6.3 9.4 - -

29 7 307 -32° 30.2  37.0  32.8 - -

29 9 40" =421 63.7 21.8 14.5 - -

29 11 52°-52° 46.2 24,3 29.5  15.2 14.3
29 12 55157 61.9 21.9  16.2 - -

29 14 65'-67" 0.0 1.4 98.6  25.7 72.9
29 16 751-77" 25.0  26.6 48.4 - -

29 18 85'-87" 10.8  41.7  47.5 - -

29 20 95'-97¢ 10.0  28.1 61.9  138.3 23.6
29 22 105'-107'  36.3 32.7 31.0 - -

29 24 115'-117'  78.7 7.4 13.9 - -

29 25 120'-122' 0.0 8.0 92.0  30.8 61.2
30 3 10'-12! 0.0 3.9 96.1  47.8 48.3
0 5 20'-22" 30.2 7.2 62.6  33.6 29.0

A=
o

~— Ponce By Pass, Km. 225.8 - Box 198, Station No. 6 » Ponce, Puerto Rico 00732 -
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PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH Z Z % A Z
NO. NO. GRAVEL SAND  FINES SILT CLAY
30 7 30'-32! 27.9  22.6  49.5 24,4 25.1
30 9 40'-42" 21.3 8.7 70.0 - -

30 11 50'-52' 0.0 7.5 92.5 0.9 91.6
30 13 60'-62" 30.0 22.1 47.9 - -
30 16 75'-77¢ 62.2 15.7 22.1 - -
30 17 80'-82' 0.0 2.1 97.9 29.6 68.3
30 18 85'-87" 0.0 10.5 89.5 - -
30 19 90'-92! 44.3 8.8 46.9 23.8 23.1
3 3 10'-12¢ 37.9 29.4 32,7 - -
31 5 20t -22! 0.0 20.3 79.7 56.2 23.5
31 7 30"-32¢ 15.6 5.5 78.9 63.0 15.9
31 8 35'-37" 64.9 14.2  20.9 - -
31 10 45t -4 49.9 15.8 34.3 11.2 23.1
31 12 55'-57¢ 17.6  15.1 67.3 - -
31 13 60'-62" ¢.0 23.2 76.8 - -
31 14 65'-67" 30.7  16.2 53,1 - -
31 16 75'-771 19.2  24.4 56.4 - -
31 18 85'-87! 21.7 78.3 - -
31 20 95'-97! 32.1 18.3  49.6 - -
31 21 100'-100" 0.0 1.7  98.3 - -
31 22 105'-107* 0.0 6.3 93.7 - -

\= 31 23 110'-112' 72,2 7.2 20.6 - -
=== VICTOR E. RIVERA ASSDCIATES
) \ £= GEOTECHMICAL ENGINEERS
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PERCENT PARTICLE SIZE DETERMINATION BY SIEVE OR HYDROMETER ANALYSIS

CORCO FACILITY, PENUELAS, PUERTO RICO

BORING SAMPLE DEPTH Z A 4 4 A
NO. NO. GRAVEL SAND FINES SILT CLAY
32 3 10'-12" 3.2 22.2  74.6 45,3 29.3
32 4 15'-17¢ 88.8 4.9 6.3 - -

32 6 25'-27 26.5 18.8 54.7 26.3 28.4
32 7 30'-32¢ 76.7 5.4 17.9 - -
32 8 35'-37¢ 27.0 7.6 65.4 45.3 20.1
32 10 45'-47! 0.0 6.2 93.8 - -
32 11 50'-52! 28.9 11.4 59.7 - -
32 13 60'-62"' 53.7 19.4 26.9 - -
32 15 70'-72! 73.0 4.3 22.7 - -
32 18 85'-87"' 62.3 14.0 23.7 - -
32 20 95'-97! 59.1 19.0 21.9 - -
32 22 105'-107" 45.3 16.7 38.0 21.6 16.4
32 25 120'-122" 48.1  22.1 29.8 - -
32 27 130'-132" 63.5 12.3  24.2 15.6 8.6
32 29 1407-142 31.2  23.1  45.7 25.8 19.9
32 31 150'-152" 59.2  15.3 25.5 - -
32 32 155'-157* 68.5 8.9 22.6 - -
32 33 160'-162" 26.1 31.7 42.2 27.4 14.8
32 35 170'-172" 47.0  22.6 30.4 16.7 13.7
j"—r-:?» VICTOR E. RIVERA ASSOCIATES
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COMMONWEALTH OIL REFINING COMPANY INC.
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GRAIN SIZE DISTRIBUTION TEST REPORT
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Figure No. 2
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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GRAIN SIZE DISTRIBUTION TEST REPORT
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